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Pharmacologic treatment of constipation: wliat is new? 

Daniel PohP'^, Radu Tutuian'''^ and Michael Fried 



Constipation Is a common gastrointestinal disease affecting 
2-27% of the population in Western hemisphere. 
Approximately in half of patients the diagnosis of functional 
constipation is made after having ruled out secondary causes. 
Treatment of chronic functional constipation primarily 
addresses education on toilet habits, dietary advice, and 
patient reassurance. Further therapies are guided according to 
functional subtype slow-transit constipation, dyssynergic 
defecation, and constipation-predominant irritable bowel 
syndrome (IBS-C). Traditionally, the pharmacologic treatment 
of constipation uses primarily bulking agents and/or laxatives 
(osmotic or secretory). However, often these therapies do not 
provide the desired Improvement, have a short-lived efficacy 
and/or are accompanied by side-effects such as bloating and 
abdominal cramps. Thus, there Is a clinical need for new, more 
potent drugs particularly for patients who are not satisfactorily 
treated by conventional therapies. This review discusses recent 
developments in the pharmacologic treatment of chronic 
constipation Including recently FDA-approved lubiprostone, 
emerging 5-HT receptors modifiers, investigational 
substances, and problotlcs. 
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Introduction 

Constipation is a common gastrointestinal disease affect- 
ing between 2 and 27% of tlie population in western 
countries [1-3]. Variances in estimation of prevalence 
vary greatly due to different definitions of constipation. 
Females are more frequently affected than males, chil- 
dren more often than adults, the elderly more often than 
young adults and Caucasian more often than non-Cauca- 
sian [4-6]. Approximately in two-thirds of patients con- 
stipation begins in adulthood, in one-third during 



childhood. Frequently reported symptoms are hard stools, 
infrequent defecation (usually less than three bowel 
movements per week), excessive straining, incomplete 
evacuation with or without the use of digital rectal man- 
euvers, and the use of laxatives. Causes for chronic 
constipation are often multifactorial: endocrine or meta- 
bolic disorders, neurologic disorders (Parkinson disease, 
multiple sclerosis, spinal lesions, autonomic neuropathy, 
etc.), psychiatric disorders (depression and eating dis- 
orders), pharmacologic agents (opiates, anticholinergics 
and antidepressants), structural lesions (tumors and anal 
fissures) and lifestyle factors (dietary, repressed urge to 
defecate, and immobility) must be excluded as causes of 
constipation. Independent nonstructural risk factors for 
constipation include physical inactivity, low income, low 
education, a history of sexual abuse, and symptoms of 
depiression [7]. In the absence of these causes and com- 
prisingiac least 50% of patients the diagnosis of functional 
constipation may be made [8,9]. Functional constipation 
may be defined as three overlapping subtypes [10,11]: 
slow-transit constipation, dyssynergic defecation, and 
constipation-predominant irritable bowel syndrome 
(IBS-C). 

Treatment of . chronic constipation addresses primarily 
education about toilet habits, dietary advice, and patient 
reassurance. More specific treatments are guided accord- 
ing to functional subtype. Some patients with dyssynergic 
defecation may benefit from pelvic floor rehabilitation 
(i.e. biofeedback-training) [12]. Pharmacologic treatment 
of constipation has been traditionally based on osmotic or 
secretory laxatives and bulking agents. However, these 
therapies often fail, may have a short-lived efficacy and 
mduce side-effects such as bloating and abdominal 
cramps. Thus there is a clinical need for new, more potent 
drugs particularly for patients that are not satisfactorily 
treated by conventional therapies. 

This", review summarizes recent developments in the 
pharrnacologic treatment of chronic constipation focusing 
on chloride channel activators, selective 5-HT4 agonists, 
investigational drugs, and probiotics. We reviewed 
PubMed-listed publications of the past five years and 
abstracts presented at the major gastroenterology meet- 
ings (AGA-DDW, UEGW). 

Chloride channel activiators 

Lubiprostone is the latest agent to receive FDA approval 
for the treatment of adult patients with chronic idiopathic 
constipation [13,14]. This bicyclic functional fatty acid 
acts as a selective chloride channer (ClC-2) activator in 
the apical membrane of the gastrointestinal epithelium to 
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increase intestinal chloride secretion [15] and thereby 
intraluminal fluid collection in the gut. This facilitates 
transit in the intestine and eases stool passage. 

The efficacy of lubiprostone in the treatment of patients 
with chronic constipation has been shown in various trials. 
In a well-designed study Johanson and Ueno randomized 
129 adult patients with chronic constipation to receive 
lubiprostone (24, 48, or 72 meg/day) or placebo for 3 
weeks [16*]. Monitoring the frequency of spontaneous 
bowel movement (SBM) frequency the authors noted a 
statistically significant (P < 0.05) increase in the fre- 
quency of SBM (lubiprostone 5.1-6.1 versus placebo 
3.8). Patients receiving higher lubiprostone doses 
(48 meg/day or 72 meg/day) had significantly higher 
SBM rates on the first day of treatment, during the first 
and second week compared to placebo but the benefits of 
the highest dose (72 meg/day) did not lead to meaningful 
differences compared to the 48 meg/day dose. Common 
side-effects included nausea, headache, and diarrhea, the 
frequency and intensity of side-effects being dose de- 
pendent. On the basis of these findings the authors 
concluded that lubiprostone improves the frequency of 
SBMs in a dose-dependent manner and according to a 
risk-benefit assessment lubiprostone 48 meg/day had the 
optimal profile. 

Following up on this study, the same group reported in 
January 2008 the results of a large multicenter, double- 
blind, randomized, placebo-controlled study in 242 
patients with chronic constipation treated with either 
lubiprostone 24 meg bid or placebo bid for 4 weeks 
[17**]. The 120 patients receiving lubiprostone reported 
a greater number of SBMs at week 1 compared with the 122 
patients receiving placebo (average SBM/week lubipros- 
tone 5.69 ver.sus placebo 3.46, P < 0.01). The frequency of 
SBMs was greater at weeks 2, 3, and A {P < 0.01). The 
promptness in improving defecation frequency was under- 
scored by the percentage of patients having SBM within 
the first 24 hours (56.7% of patients receiving lubiprostone 
versus 36.9% of patients receiving placebo; P<0.01). 
Within 48 hours 80% of lubiprostone-treated patients 
and 60.7% of placebo-treated patients reported SBMs. 
The most common treatment-related side-effects were 
nausea (31.7%) and headache (11.7%). These findings 
prompted the authors to conclude that treatment with 
lubiprostone leads to bowel movements in the majority 
of individuals within 24-48 hours after the initial dose and 
improves the frequency of bowel movements over, a 
4-week period. 

Lubiprostone was also found to be efficient in treating 
patients with IBS-C and recently FDA approved for this 
indication [13]. In a placebo-controlled study Johanson 
et at. randomizing 195 patients with IBS-C to receive 
lubiprostone 8 meg bid {N= 52), lubiprostone 16 meg bid 
(iV= 49), lubiprostone 24 meg bid {N= 46), or placebo bid 



(A'= 48) for three months [18]. Lubiprostone 24 meg bid 
and 16 meg bid doses improved the frequency of SBMs 
compared to placebo at one .-r.nr.r.h (weekly SBM rate 
change from baseline lubiprostone 24 meg bid 3.2 ± 1.4 
versus lubiprostone 16 meg bid 2.1 ± 0.7 versus placebo 
0.7 ±0.4; P<Qm), two months (weekly SBM rate 
change from baseline lubiprostone 24 meg bid 2.6 ± 1.2 
versus lubiprostone 16 meg bid 1.7 ± 0.7 versus placebo 
0.8 ± 0.4; P < 0.05), and three months (weekly SBM rate 
change from baseline lubiprostone 24 meg bid 2.5 ± 1.2 
versus lubiprostone 16 meg bid 1.6 ±0.8 versus placebo 
0.5 ±0.6; P <0.05). The abdominal discomfort/pain 
scores improved only transiently (at one and two months) 
and at three months were no different compared to 
placebo. Adverse reactions (mainly abdominal disten- 
sion/pain, diarrhea, and nausea) were noted more fre- 
quently in patients receiving the active drug compared to 
placebo (diarrhea lubiprostone 12-27% versus placebo 
4%i!=nausea lubiprostone 18-31% versus placebo 13%). 
Albeit ript reaching significance a trend toward more side- 
effects with increasing doses of lubiprostone was noted. 
Reviewing the benefits and adverse events during treat- 
nneiit with lubiprostone the authors concluded that lubi- 
prostone 16 meg daily is the optimal dose to treat IBS-C 
patients. 

5-HT4 agonists 

TTegaserod, a partial agonist at the 5-hydroxy-tryptamin-4 
(5-HT4) receptor, was primarily introduced for the treat- 
ment of women with IBS-C in 2004. In 2006, the indica- 
tion of treatment was extended to chronic idiopathic 
constipation in both men and women below the age of 
65. Tn '2007, after a meta-analysis finding an increased 
number of cardiovascular events in patients treated with 
tegaserod the producer (Novartis) withdrew the com- 
pound from the market at FDA's request [19]. 

The tegaserod experience taught important lesions on the 
role of 5-HT in modulating gastrointestinal motility. The 
tvgeted 5-HT4 receptors in the enteric nervous system 
are presynaptic and facilitate the release of acetylcholine 
and calcitonin gene related peptide. These compounds 
stimulate their effector structures that include smooth 
muscle cells, interstitial cells of Cajal (ICC), and secretory 
glands [20-24].- 5-HT4 receptor activation initiates the 
peristaltic reflex, increases fluid secretion in the intestine, 
and inhibits visceral sensitivity. Hereby it decreases 
colonic transit time and consecutively improves the num- 
ber of bowel movements, constipation-related abdominal 
dyscomfort, and bowel satisfaction [25-27]. 

On the basis of these novel experiences, more selective 5- 
HT4 receptor agonists have been investigated. Prucalo- 
pride is a highly selective, high-affinity 5-HT4 with enter- 
bkinetic effects. In contrast to other 5-HT4 receptor 
agoriists (cisapride, tegaserod, mosapride, and renzapride) 
it does not interact with 5-HT3 and 5-HTjb receptors and 
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the hERG channels. This high selectivity is believed to 
lead to a more favorable risk-benefit profile compared to 
the other non-selective 5-HT4 agents. Sloots etal. random- 
ized 28 patients with chronic constipation to receive pru- 
calopride 1 mg, prucalopride 2 mg, or placebo in a double- 
blind, randomized cross-over study [28]. Compared to 
placebo, prucalopride 1 mg increased (P < 0.05) the mean 
number of spontaneous complete, spontaneous, and all 
bowel movements per week and decreased the frequency 
of hard/lumpy stools and the need to strain. Measuring the 
colon transit time the authors found a decrease (P = 0.07) in 
colonic transit time during treatment with prucalopride 
(42.8 hours) compared to placebo (54.8 hours). Despite a 
limited number of patients included in this study these 
data suggest that prucalopride improves stool frequency 
and consistency, and may decrease colonic transit times in 
patients with chronic constipation. 

In the same year Emmanuel eta/, reported the results of a 
double-blind placebo-controlled study evaluating the 
effects of prucalopride in 74 women with chronic consti- 
pation (stratified into slow and normal transit) [29]. Quan- 
tifying the frequency of SBMs, orocecal transit, visceral 
sensitivity, and quality of life before and after 4 weeks of 
treatment with prucalopride 1 mg daily the authors noted 
an increase in the frequency of SBMs per week (prucalo- 
pride 7.6 ±5.7 versus placebo 5.0 ±3.6; P = 0.019), a 
reduction in the median [25-75th percentile] time to first 
stool (prucalopride 3.5 [1.2-23.6] hours versus placebo 24.2 
[6.3-69.0] hours; /"< 0.001) and a decreased number of 
retained markers (prucalopride 51.2 ± 29.6 versus placebo 
61.8 ±30.2; ?= 0.018). Compared to placebo, prucalo- 
pride increased rectal sensitivity to distension (urge 
volume, P = 0.01) and electrical stimulation (/" = 0.001), 
and significantly improved several domains of the Short 
Form Health Status Survey and the disease-specific quality 
of life. The results of this study suggest that prucalopride 
improves gastrointestinal transit and gut sensitivity in 
constipated patients with both slow and normal transit. 

These early results were confirmed this year in a large 
phase III study in which Camilleri ef a/, randomized 620 
patients with severe chronic constipation to receive pru- 
calopride 2 mg, prucalopride 4 mg, or placebo once daily 
for 12 weeks [30"]. The primary clinical end-point of the 
study was the proportion of patients with an average of 
more than three SBMs per week. At the end of the study 
there was a higher proportion of patients with more than 
three SBMs per week in the group receiving prucalopride 
(2 mg — 30.9% and 4 mg — 28.4%) compared (P < 0.01) 
to placebo (12%). The most frequent adverse events were 
headache (26.6-29.4% prucalopride versus .12.0% 
placebo) and diarrhea (13.5-18.6% prucalopride versus 
5.3% placebo). On the basis of these findings the authors 
concluded that prucalopride iinproves bowel function and 
reduces the frequency/severity of symptoms of severe 
chronic constipation. 



Investigational agents 

A number of 5-Hl" receptor agonists are currently under 
investigation with the goal to avoid the cardiac side- 
effects seen with tegaserod. 

One candidate is renzapride, a 5-HT4 receptor agonist and 
5-HT3 receptor antagonist [31]. The effects of renzapride 
have been documented in patients with chronic consti- 
pation.and.IBS with and without constipation [32,33*,34]: a 
study by Camilleri ef al. reported relief of symptoms of 
constipation by improving stool consistency and a decrease 
in colonic transit time [34]. Subsequently George et al. 
reportedrthe results of a multicentre, double-blind study in 
which 510 patients with IBS-C recruited in the primary 
health care setting were randomized to receive renzapride 
1, 2, or4'rng or placebo [33*]. Although the study's primary 
endpoirit (selfreported reduction in duration and severity 
of abdominal paip) did not reach statistical significance, a 
post ho&analysis of data collected in IBS-C female patients 
receiving renzapride 4 mg daily found a significant pro- 
portion of responders (responder rate 12%). The study had 
a high drop-put rate (38.6%) mostly because of adverse 
events such as diarrhea, headache, and abdominal pain. 
Other 5-HT4 agonists, such as mosapride [35,36] are also 
under investigation. 

Special forms of chronic constipation are opiate-induced 
constipatipn aiid postsurgical ileus. For this indication 
me'thylnal'trexoiie and alvimopan are currently under 
inviistigatioh. UiiMe classical opiate antagonists (naloxon 
arid naltrexpn) they do not exhibit any impact on central 
analgesic effects [37,38]. However recent data from 
patients with chronic functional constipation are discoura-^ 
gihg. A laiik of efficacy of alvimopan, a peripherally acting 
mii-opiioid receptor antagonist, was demonstrated in the 
treatnrien't of patients with chronic idiopathic constipation 
in an 8-week, double-blind trial when compared to 
placebo [39**]. Negative results were also presented by 
Foxx-Orenstein,when investigating a supportive effect of 
nonselective opioid antagonist naltrexone in combination 
with' tegaserod in IBS-C patients [40]. Although these 
compounds have been found useful in the treatment of 
opioid-induced constipation further studies in nonopioid- 
dependent patients are warranted before these com- 
pounds become of interest for patients with functional 
chronic constipation. 

Another' investigational compound is the guanylate 
cyclase 'agonist linaclotide, a drug developed for the 
treatment of functional constipation [41]. In a first phase 
II trial Andresen et al. investigated the effects of oral 
linaclotide 0.1 mg and linaclotide 1 mg once daily in 36 
women with IBS-C [42*]. Linaclotide positively influ- 
enced ascending colon emptying half-time (linaclotide 
Irng 7.8 ±1.7 hours versus placebo 17.0 ±2.0 hours; 
P < 0.01), overall colon transit over 48 hours (scinti- 
graphic , "determined geometric center linaclotide 1 mg 
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4.0 ± 0.2 versus placebo 3.1 ± 0.2; P = 0.01) and bowel 
funuLion including frequency of bowel movements, stool 
consistency, and ease of passage (evaluated with patient 
diaries). These effects were dose-dependent and noted 
only for linaclotide 1 mg. 

Neurotrophins are neuronal growth factors that stimulate 
the development, growth, and function of the nervous 
system for the potential treatment of neuropathies such as 
Parkinson Disease [43]. Selective neurotrophins such as 
neurotrophin-3 (NT-3) have been discussed as potential 
therapeutic targets in spinal-injury induced constipation, 
M. Hirschsprung and also functional constipation [44-^6]. 
Till date, published results are limited to one randomized 
placebo-controlled trial with NT-3 administered subcu- 
taneously. In this study, Parkman et al. demonstrated an 
increase in the frequency of bowel movements (total and 
spontaneous), constipation-related symptoms, and stool 
quality in 107 patients receiving 9 mg NT-3 subcu- 
taneously three times per week. However, side-effects 
were considerable as approximately one-third of patients 
experienced significant pain at injection site. 

Probiotics 

Probiotics have been suggested to have favorable effects on 
gastrointestinal function including suppressing growth of 
pathogenic bacteria, blocking epithelial attachment by 
pathogens, enhancing mucosal function, and modulating 
host immune response [47]. Placebo-controlled data on 
possible treatment of constipation using probiotics are 
sparse. De Paula etal. evaluated 266 female'patients with 
functional constipation (according to Rome II criteria) that 
were randomized to receive a yogurt containing a mixture 
of Bifidobacterium animalis (DN-173 010) and prebiotic 
fructoligosaccharide (FOS) [48] twice a day for 2 weeks 
or a lacteous dessert. There was a 22% increase in the 
number of bowel movements per week and a slight 
increase in stool quality as assessed by the Bristol Stool 
Questionnaire when compared to placebo. Perception of 
pain and straining during defecation were reported signifi- 
cantly reduced in the females ingesting the symbiotic 
yoghurt. In an earlier study Koebnick et al. demonstrated 
a significant improvement in selfreported constipation 
severity in 70 constipated adults after the ingestion of L. 
casei shirota versus placebo over 4 weeks [49]. A 24% 
increase in evacuation frequency was observed combining 
L. rhamnosis and Propionibacterium freudenreichii versus 
placebo [50]. However, absolute changes in defecatory 
and symptoms parameters were small in these studies, 
making a clinically significant treatment effect uncertain. 

Conclusion 

Functional constipation is a common gastrointestinal 
disorder. After tegaserod being withdrawn from the mar- 
ket, the therapeutic armamentarium for functional con- 
stipation has been complemented by other agents. The 
chloride channel activator lupiprostone has recently 



received FDA approval for chronic constipation and 
IBS-C. More selective 5-HT4 receptors agonists and other 
investigational compounds targeting enteric neurons such 
as guanylate cyclase agonist, neurotrophins, or endogen- 
ous opioids are currendy under investigation. The main 
challenges in developing novel therapies are their clinical 
safety and efficacy. Like for any other functional dis- 
orders, patient selection has a pivotal role in any of the 
discussed. agents and should be carefully examined by 
manufacturers and drug-licensing institutions. 
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Abstract 

Bowel problems after SCI can be debilitating. Colonic 
. inertia as a result of decreased paraisympathetic (S2-4) stimula- 
tion of the left colon and rectosigmoid seems to be the principal 
abnormality accounting for DWE. The conventional measures 
used for decades have poor results in many people. Neostig- 
mine, an anticholinesterase inhibitor, appears to be a more 
physiological agent for these individuals. The combination of 
neostigmine + glycopynolate infusion has shown encouraging 
results after intravenous administration and studies are under 
way to assess the efficacy of neostigmine by other routes. 

Introduction 

A significant number of individuals with chronic spinal cord 
injury (chronic SCI) have gastrointestinal (GI) symptoms due 
to bowel dysfunction [1]. Adequate bowel care is an important 
part of their management The intent of this paper is to acquaint 
physicians with the pathophysiology of bowel problems after 
Sd and to summarize current concepts in the management of 
individuals who have sustained such damage. 



Magnitude of the problem 

According to the most recent data from the National Spinal 
Cord Injury (NSCI) Database, the prevalence of SCI in the US 
is approximately 250000 with 12000 new cases each year [2]. 
About 40-50% of injuries to the spinal cord are due to motor 
vehicle accidents [3]. The severity of the injury determines the 
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outcome and can be classified using the American Spinal Injury 
Association (ASIA) impairment scale (Tab. 1) into five differ- 
ent stages [4]. The economic burden of this problem is with the 
direct and indirect (loss of income and productivity) annual cost 
of managing these individuals estimated to be at least $ 4 bil- 
lion. These costs are especially high since these injuries typically 
occiir in young males (average age of 37.6 years at the time of 
injury) [5]. 

SCl resuIts in permanent disability in about 30^0% of cases 
[1,6-8]. Ill addition to the physical limitations due to paralysis, 
bowel and bladder problems are common. In terms of bladder 
dysfunction, use of intermittent catheterization has significantly 
reduced the incidence of urinary tract infections and improved 
the survival rate [9]. 

As a result, bovrel dysfunction has become a more major issue 
[1,6-8]. lb manage this problem effectively, it is first important to 
understand normal neuromuscular coordination of the colon and 
the pathophysiological changes which occur after SQ. 

Neuromuscular coordination of the colon 

Normal colonic and anorectal function is important for 
the process of defecation. The internal anal sphincter (IAS), 
an invdiiintary sphincter, is the continuation of the iimer cir- 
cular muscle layer of the colon. In contrast, the external anal 
sphincter (EAS) is made up of striated muscle layer and is under 
voluntary control [10]. Normal function of the EAS is important 
in preventing premature expulsion of feces and its integrity is 
a major factor in maintaining continence. 

The colon is richly supplied with both autonomic 
(parasyinpathetic and sympathetic) and somatic (sensory and 
motor) innervation {Fig. 1) [11]. These different pathways are 
integrated by higher centers in the brain and spinal cord. The 
parasympathetic innervation of the colon is responsible for 
colonic contractions and motility. The right and proximal trans- 
verse colon are innervated through the vagus nerve while the 
left colon and rectum receive input from spinal segments S2-S4 
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mofthe large 



intestine. The vagus m 
the right colon while propulsive activity 
in the left colon is mediated by the para- 
sympathetic (pelvic) nerves. Sympathetic 
innervatioii (Ll-3) via the splanchnic 
nerves and hypogastric nerves is inhibitory. 
The anal canal is innervated by voluntary 
efferent motor fibers to the external anal 
sphincter via the pudendal nerve fi-om the 
sacral spina! cord (S2-4) 
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Table 1. American Spinal Injury Association (ASIA) impairment 



Grade Description 


A 


Complete; no sensory or motor function preserved in the 




sacral segments S4-SS 




Incomplete; sensoty but not motor function preserved below 


B 


the neurological level and extending through the sacral 




segment S4-S5 




Incomplete; motor function preserved below the neurologi- 


C 


cal level; most key muscles have a grade <3 




Incomplete; motor function preserved below the neurologi- 


D 


cal level; most key muscle have a grade >3 


E 


Normal motor and sensory function 



via pelvic nerve or nervi erigentes [11]. The sympathetic supply 
originates from the lumbar splanchnic nerves and is the major 
pathway for carrying the sensations from the colon. The somatic 
fibers innervating the EAS are derived from the pudendal nerve 
(S2-S4). These nerves directly innervate the colon and also foim 
Auerbach's and Meissner's plexuses within the musde layers. 
Together, these plexi constitute what is termed the enteric 
nervous system (ENS) [10,11]. 

The neuromuscular innervation of the colon results in both 
non propulsive contractions trader the control of ENS as well as 
high amplitude propagating contractions (HAPQ [1]. Various 
neurotransmitters including acetylcholine, catecholamines, and 
serotonin have been shown to regulate colonic motiUty. However, 
the principal autonomic neurotransmitter is acetylcholine [12]. 

Pathophysiological changes after SCI 

Prolonged mouth to cecum transit time (MCTT) has been 
shown in individuals with quadriplegia using radio-opaque 
markers [13,14]. Segmental evaluation has also shown pro- 



Figure 2. Effect of food ingestion on the motility index (mm Hg). 
The motility index increased significantly in both SCI (p<0.01) 
and SI (p<0.02) subjects after meal ingestion, but to a lesser 
extent in the latter 
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Figure 3. Effect of food ingestion on the no. of waves per hour. 
There'was a significant increase in the number of waves seen 
in SCI (p<0.008) as well as SI (p<0.005) subjects after meal 
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Figure 4. The effect of food ingestion on the motility index 
shows regional variation in the SCI group. The increase in 
motility index (mm Hg) was only significant in the descending 
colon (p < 0.03) and no 



I 



Table 2. Clinical presentation in patients 
vs LMN injury 


with SCI due to UMN 




UMN lesion 


LMN lesion 


Level of lesion 


Above TIG vertebral 
or T12 spinal segmen 


Below TIO vertebral 
t or 'i'iZ .-egment 


to Mius)'""' (Cecum 


Increased 


Increased 


Motility of left colon 


Decreased 


Decreased 


EAS 


Spastic paralysis 


Flaccid paralysis 


Sympathetic output 


Absent with lesions 
above T6 spinal 
segment 


Retained 


Symptoms 


Constipation 
DWE 

Incontinence* 


Constipation 
DWE 

Incontinence 


Fecal impaction 


Proximal colon 


Rectal 


Autonomic 
dysreflexia . 


Common with injurie 
above T6 level 


Rare 


Reflex defecation 




Not known 



Constipation is <3 bowel movements per week; DWE or difficulty 
with evacuation is a combination of constipation with bloating, 
discomfort, pain, and prolonged bowel care sessions; * Patients with 
SCI due to UMN injury develop incontinence due to loss of sensa- 
tions and development of lax sphincter later due to 
' laxatives and enemas 



10 use of frequent 



longed transit time of the left colon in subjects with paraplegia 
compared to able bodied (AB) individuals [15,16]- Our group 
has studied colonic motility in different segments of the left 
colon after SCI (4 subjects with paraplegia and 4 with quadri- 
plegia). The results were compared to findings in 6 matched AB 
individuals [17]. Motility was evaluated for 1 h before breakfast 
and for 1 h during meals. 

Baseline as well as meal stimulated colonic motility was 
reduced in Sd subjects compared to AB mdividuals (Fig. 2,3). 
Regional variations were noted in the SCI group with a post 
prandial response seen only in the descending colon and not in 
the rectosigmoid 4). 

We also studied the effect of SCI on colonic contractions in 
14 male volunteers (8 with chronic SCI and 6 healthy controls) 
1 h before sleep, during the entire period of sleep and Ih after 
sleep [18]. It was shown that HAPC are absent during sleep 
in both SCI and control groups. However, arousal from sleep 
failed to restore HAPC in subjects with SCI [18]. 

It appears that prolonged colonic transit time and absence 
of HAPC contributes to constipation and difficulty with 
evacuation (DWE) after SCI. As colonic motility depends on 
adequate colonic parasympathetic tone, these results, in part, 
were consistent with an absolute or relative loss of such auto- 



Bowel problems with chronic SCI 

Problems with defecation become more prominent as time 
progresses after the acute injuiy [1]. The clinical picture depends 
on whether the injuiy is upper motor neuron (UMN) (above 



vertebral TIO level) or lower motor neuron (LMN) (below ver- 
tebral TIO level) as shown in Tab. 2. Problems with defecation in 
both types of mjuiies have a significant impact on quality of life 
in individuals with chronic, SCI given the prolonged amount of 
timespeiit on their bowel care [1,6-8,19]. 

In addition, complications such as fecal impaction and 
autonomic- dysrefleida can occur. Fecal unpaction is the most 
common problem often presenting with atypical symptoms such 
as. -paradoxical dianhea, abdommal pain, nausea, vomiting, 
acute confusional states, urinary symptoms, and rectal bleed- 
ing idug,;>to pressure ulcerations [20]. Autonomic dysreflexia, 
occurs in patients with SCI above T6 spinal segment. It is due 
to an autonomic response to stimuli such as fecal impaction, 
bladder distension, catheterization, digital rectal stimulation, 
and cialonoscopy [21,22]. Common symptoms are pounding 
headache, sweating, parasthesias, nasal obstruction, and goose 
flesh. Hypertension is the most common clinical sign and is 
seen in 90% of these cases [21]. Although rare, potentiaUy fatal 
complications of autonomic dysreflexia include seizures and 
subarachnoid hemorrhage [23]. 

IVfanagement 

Effective bovvel management in individuals with SCI is of 
utmost importance. An adequate bowel regimen depends on 
many factors and will vary from patient to patient, but achieving 
effective evacuation and preventing incontinence is the common 
goal [24].' It is, therefore, important to completely evaluate the 
patient before designing a bowel regunen for any patient with 
aSO.'^'^ 
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Table 3. Conventional management strategies for bowel 
symptoms in SCI individuals 





Dietary changes 




a) Fiber diet 




b) High fluid intake 




c) Avoid foodstuffs whidi cause problems 




Positioning duiing bowel care 




a) Toilet seat/commode chiais 

b) Left lateral position for bowel care in bed 


3. 


Stimulation 




a) Digital stimulation of rectum 




b) Abdominal belt 


4. 


Fiber 




a) Soluble (pectin, guar, ispagbula, etc) 




b) Insoluble (cellulose, legnin, etc.) 



5. Laxatives 

a) Bulk laxatives (docusate sodium, potassium) 

b) Stimulant laxatives (senna, bisacodyl, castor oil, etc) 

c) Saline laxatives (magnesium hydroxide, sodium citrate, sodium 

biphosphate) 

d) Hyperosmolar laxatives (lactulose, sorbitol, polyethylene 


6. Suppositories 

a) Vegetable oil based bisacodyl suppositoiy 

b) PEG based bisacodyl suppositor 

c) C02 suppositoiy 

7. Enemas 

a) Plain water enemas 

b) Fleet enema (sodium biphosphate) 

c) TherevacCTVC) mini enemas 

8. Prokinetic drugs 

a) Metodopramide for short term use 

b) Cisapride not available for routine use 

c) Other agents like tegaserod require further evaluation 

9. Surgical options 

a) Sacral posterior rhizotomy 

b) Sacral anterior nerve root stimulation 

c) Appendicostomy and antegrade continent enema of Malone 

(MACE) 

d) Colostomy 



History 

There should be particular emphasis on duration and level 
of injury, bowel habits before the SCI and pre-SCI dietary habits 
(fluids, fiber, meal frequency, spices, amount). Medications with 
potential effects on bowel function should be ascertained and 
the social support system of the individual should be evaluated. 

Patients with SCI may not report symptoms [1,6-8,19]. 
Particular emphasis should be placed on the person's nuttitional 
and hydration status, the abdominal examination (distension, 
bowel sounds, tenderness, rigidity, fecal impaction, organome- 
galy), the rectal examination (hemorrhoids, sphincter tone, 
impaction, masses, stool guiac), and the neurological examina- 
tion (level and nature of injury). 



Laboratory evaluation should include a complete blood 
count, electrolytes^ renal and liver fimction tests, amylase, and 
plain x-ray of abdomen. 

Conventional measures for bowel care 

Effective bowel care for individuals with SCI usually 
involves a number of different strategies (Tab. 3). Depending 
on the social needs and the bowel habits of the individual, 
frequency of bowel care can be tailored to each individual. 
Whenever possible, bowel care should be performed in either 
a normal position or the left lateral position [25]. Digital rectal 
stimulation (DRS) can also be useful [26]. In our own evaluation 
of 6-subje'cts with SCI (4 paraplegics and 2 with quadriplegia), 
use of DRS was shown to increase both the amplitude and 
frequency of colonic contractions of the left colon [27]. This 
anocolonic reflex probably involves stretch receptors in the IAS 
which increase the parasympathetic output to the left colon. 
All these.patients had SCI of UMN type and whether a similar 
reflex is present in those with S CI of the LMN type is not known 
[27]^ Diet has an important place in these individuals and minor 
changes in the diet can help these individuals tremendously. It 
is important for these individuals to consume adequate amounts 
of fiber and drink at least 2-3 liters of fluids every day [28]. Sup- 
plemental fiber may be needed if dietary intake is inadequate 
(<30 g/d). Fiber produces imiform stool consistency by absorb- 
ing excess water [29,30]. 

Laxatives are often employed as an adjunct to routme bowel 
care (Tab. 3). Bulk laxatives such as docusate and osmotic laxa- 
tives such as lactulose are the most commonfy employed prepa- 
rations [31,32]. Enemas are not promoted for routine use unless 
needed for fecariinpaction. 

ThMe conventional strategies are time consuming and 
e]q>eiisive and do not target the basic pathology of decreased 
colonic motility. Perhaps as a result, routine bowel care regi- 
mens do iiot yield satisfactoiy results in many patients. Hence, 
there is a need of .more effective agents which attempt to reverse 
tiie basic pathophysiology after SCI. 

Newish modaUties 

Gsapride, a prokinetic drug acts by increasing the release 
of acetylcholine from post-ganglionic nerve endings. Studies have 
docuinented a reduction m mouth-anus transit time and mouth 
to cecum transit time in subjects with quadriplegia using this 
drug [13,33]. We have shown the effect of cisapride in improving 
MCIT in subjects with SCI [13]. Though generally safe, cisapride 
has been linked to serious cardiac arrythmias (torsades de 
pointes) and has been withdrawn from the market [34]. 

Neostigmine, an inhibitor of en^me acetylcholinesterase, 
results in increased levels of acetylcholine at the nerve endings 
and increases colonic peristalsis. It has been used successfully in 
patients with acute intestinal pseudo-obstruction [35]. Unfortu- 
nately, heostigmiiie aliso increases aitway resistance and causes 
bradycardia in a significant niunber of patients. However, we 
have showii that these unwanted side effects can be prevented 
if neostigmine is administered together with glycopyrrolate. 
The latter is ,an anticholinergic which appears to spare the mus- 
carinic receptors of the colon [17]. Recently, we have shown 
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beneficial effects of neostigmine on tlie gastrointestinal tract in 
individuals with SCI [36]. Thirteen individuals with SCI (5 with 
quadriplegia and 8 with paraplegia) were infused normal saline, 
neostigmine 2 mg, or neostigmine 2 rag with glycopyrrolate 
0.4 mg on separate days. Bowel evacuation was measured by 
videofluoroscopy after rectal instillation of 200 ml of oat-meal 
paste of barium (having the consistency of soft stool). Evacua- 
tion was measured by an X-ray taken after 30 min and compared 
with a baseline X-ray {Fig. S). In addition, aiiway resistance and 
hemodynamic parameters (pulse and blood pressure) were 
assessed. Both neostigmine and the combination of neostigmine 
with glycopyrrolate resulted in better evacuation compared with 
normal saline {Pis- 6) [36]. 

Although both neostigmine alone and neostigmine with 
glycopyrrolate resulted in bradycardia, lowest heart rates were 
recorded when neostigmine was given alone {Fig. 7). Both 
total and central resistance increased with neostigmine rela- 
tive to normal saline, whereas, neostigmine with glycopyrrolate 
reversed this (-f27% and 4-17% vs -10% and -8% respectively). 
The drug was well tolerated except for mild and transient (<30 
min) muscle twitching (92%) and abdominal cramps (in those 
with injury below TIO). Although intravenous infusion is not 
practical for routine clinical use, it remains to be established 
whether other routes of administration such as subcutaneous or 
intramuscular are effective in management of these individuals. 
These trials are ongoing and appear to be encouraging [37]. 

Tegaserod, a 5HT-4 (serotonin) receptor agonist is another 
agent with a potential for managing bowel symptoms in SQ. 
Serotonin has been documented as one of the neurotransmitters 
implicated in colonic motility [12,38]. Tegaserod in experimental 
studies has demonstrated an increase in both small bowel and 
colonic transit [39,40]. The drug has been successfully used in 
individuals with IBS, pseudo-obstruction, and habitual constipa- 
tion [41-43]. There are no available data of its use in SCI and 
this is an area which needs to be eiqilored. 

Beneficial effect on the colonic motility of another S-HT4 
agonist, mosapride has been shown in a guinea pig model of SCI 
(after destruction of Ll-3 and S2-4 cords) [44]. In response to 
rectal distension with a rectal balloon instilled with water, rectal 
pressures (R-R reflex) and internal anal sphincter relaxation 
(R-IAS reflex) were recorded at baseline and after intravenous 
administration of mosapride. Reflex area was derived and 
expressed as positive values for rectal contractions and IAS 
relaxations. Reflex indexes (R-R and R-IAS) were calculated as 
relative ratio of the reflex areas at baseline (control) and after 
drug administration. The authors showed that mosapride, given 
intravenously, increased the R-R and R-IAS indexes in a dose 
dependent manner. These changes could be reversed by about 
50% after intravenous administration of the 5-HT4 antagonist 
GR-H3808 [44]. 

Colostomy is an option in patients with severe and intrac- 
table problems [45,46]. It is also frequently advocated as an 
adjunct in the treatment of perineal pressure ulcers. Stone, et 
al. [46] showed that objective testing of the transit time can help 
in deciding the site of colostomy. A sigmoid colostomy is an 
option for those with normal colonic transit time and inability 
to adequately evacuate rectum. In contrast, a tight transverse 
colostomy is useful for those with prolonged left colonic transit 



time. An ileostomy is generally reserved for individuals with 
a dilated, non-functional right colon. Stone, et al. [46], using 
a questiormaire, showed that colostomy simplified bowel care, 
reheved abdominal distension, and prevented fecal inconti- 
nence. The time spent in bowel care also decreased significantly 
from 98.6 min/day before colostomy to 17.8 min/day after colos- 
tomy. These individuals represent a high risk for abdominal 
surgery and selection of the patient is, therefore, important. In 
a small series, Deshmukh, et al. [47] reported a 15% mortality 
after colostomy in individuals with large pressure ulcers. 

Moreover, Stone, et al. [46] noted postoperative comphca- 
tions m'lb% individuals who underwent this procedure. All 
27 patients in the first report had a colostomy performed for 
pressure, ulcers whereas in the later, 13 out of 20 patients had 
colostomy for chronic intractable GI problems (one for rectal 
cancer), only 7 of 20 had this procedure for pressure ulcers. 
The authors in the later study performed colonic transit time 
and anorectal manometry in 6 patients in order to select the 
colostomy site. These differences could possibly explain the 
difference in mortality in the two reports. On the whole, it is an 
acceptable procedure provided it is done in a properly selected 
person at an appropriate time [45-47]. 

Surgical posterior rhizotomy and sacral anterior root 
stimulation are other surgical options shown to have therapeutic 
utihty in'SICI patients [48,49]. However, the high overaU costs 
of these procedures has limited their utility. Cutaneous appen- 
dicoecdstomy has been used to treat intractable incontinence in 
these patients. 

Initially used by Malone, the technique (Malone Antegrade 
dolonic Enema or MACE) involves administration of enemas 
throu^ itjifc^ppeiuiig when required [50]. 

"The technique has been shown to be successful in 57% of 
SCI patients with significant improvement in their QOL [51]. 
Bowel deansing can. also be accomplished in retrograde fashion 
using -piilsed krigition evacuation' (PIE) [52]. 

However, its efiQcacy remams to be detennined in a control- 
led clinical trial. ' 



Management of GI complications 

The presenting symptoms of acute abdomen in SCI are quite 
variable given the sensory'loss that accompanies SCI. Therefore, 
non-specific symptbnis such as abdominal distension, vomiting, 
constipation always require a thorough evaluation. 

An accurate diagnosis requires a careful clinical examina- 
tion, laboratory evaluation, and expedited imaging studies 
(plain' abdominal X-ray and CT scan of the abdomen). 

Autononuc dysreflexia (AD) Prevention is the first step 
in treatment. Once recognized, however, AD should be treated 
as.a'inecifdal emergency. If possible the stimulus should be 
identified and immediately removed. If needed, nifedipme and 
topical ^nitrates can be used for emergency control of the blood 
pressure [21]. 

Fecal impaction Rectal examination should always be 
performed if fecal impaction is suspected. If the rectum is 
empty, unaging is required to assess for more proximal impac- 
tion or signs of obstruction. To avoid complications, impaction 
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should be addressed quickly; delaying treatment for more than 
3 days can be hazardous [20]. When an impaction exists, manual 
evacuation is the first option and requires proper lubrication 
and local anesthesia. When the impaction is beyond the reach 
of linger, sigmoidoscopif- lavage can be efiective. In addition, 
gastrogiafiin and :;o!>'tely have been effective [53]. If these 
procedures faiil, surgery is a last resort. 



Colorectal cancer (CRC) screening 

Individuals with SCI are at risk of acquiring the same degen- 
erative conditions including cancer, as able bodied people. In 
a population based study in veterans, the incidence of CRC in 
patients with SCI similar to that in the general population [54]. 

The anatomic distribution of CRC was also the same as in 
the general population with two third of the lesions occurring 
on the left side or the rectum [54]. However, in contrast to able 
bodied population, 60% of these tumors were found to be quite 
advanced (stage III or IV) at the time of presentation. The 
inability to differentiate symptoms of colorectal carcinoma from 
other GI complaints in individuals with SCI probably accounts 
for the delay in diagnosis of colorectal cancer [54]. Even more 
than in able bodied individuals, early detection and cure of CRC 
requires regular colonoscopy as a routine measure. 

Colonoscopy in individuals with SCI has unique features. 
Not only must the preparation of the colon be adapted to SCI, 
but the performance of the procedure must be modified. In 
this respect, we have found that a two day preparation with 
oral phosphosoda and golytely is often required. Moreover, 
we have noted that SCI patients have difficulty in retairung the 
insufflated air, have lower cecal intubation rate (82%) and have 
relatively poor colon preparation. 
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Abstract constipation is a significant healthcare problem in the elderly. However, while 

undoubtedly common in the elderly, data oii' the prevalence of constipation in 
general and of its subtypes vary considerably, depending on the nature of the study 
population and their location. Furthermore, the complexity of the pathophysiology 
of constipation in this age group is little appreciated. Assumptions regarding 'age- 
related changes in colorectal physiology' are, for the most part, not supported by 
scientific evidence and may serve to, distract the clinician from uncovering the 
contributions of co-morbid diseases and the impact of iatrogenic factors. The 
evidence base from which one can develop recommendations on the management 
of constipation in the elderly is, for the rr^ost part, slim. This becomes most starkly 
apparent when one attempts to critically assess specific approaches to manage- 
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ment. There is insufficient evidence to support the use of many commonly used 
laxatives both in the general population and in the elderly. Lifestyle interventions 
have value for some patients but data are lacking on the benefits of these 
interventions for patients with chrpnic constipation. Data in the elderly do not 
exist for most new phaimacological - approaches to constipation. Pending the 
availability of good data, management of constipation in the elderly should be 
tailored to each individual's needs and expectations, regardless of age or place of 
residence. In certain situations, constipation may be complicated by the develop- 
ment of impaction; preventive strategies are important in this context. We urge 
enrolment of many more elderly individuals with chronic constipation in clinical 
trials designed to address their particular needs. 



Chronic constipation is highly prevalent in the 
elderly, with up to 20% of the community-dwelling 
elderly and 50% of the institutionalized elderly re- 
porting symptoms of the disorder.''-^^ The condition 
impacts negatively on quality of life'^-*' and adverse- 
ly affects the healthcare system in terms of resource 
utilization and cost. Chronic constipation is one of 
the most common reasons for attendance at general 
practitioners and gastroenterologists'^-*' and laxa- 
tives are amongst the most frequently prescribed 
medicines.''! However, there is a paucity of good 
quality evidence on which to base management de- 
cisions, particularly in the elderly. This article re- 
views the available management options for this 
common, but often refractory, condition in the elder- 

ly. 

For this review, we performed an electronic 
search of the PubMed and Cochrane databases for 
articles published before 2007 and a manual search 
through major journals for articles located through 
PubMed. Search terms were 'faecal impaction', 'an- 
ismus', 'pelvic floor dysfunction', 'constipation', 
'pathophysiology', 'treatment', 'laxatives', 'ran- 
domized controlled trial', 'review' and 'elderly'. 
Further articles were retrieved based on literature 
cited in papers found using the initial search strate- 
gy- 

1. Definition of Constipation 

Constipation can be defined in many ways rang- 
ing from a simple quantitative assessment of bowel 
movement frequency to explicit diagnostic criteria. 
Surveys in the Western world show that more than 
90% of people have between three bowel move- 



ments per day and three per week.'*'"' Consequent- 
ly, many clinicians define constipation as a reduc- 
tion in bowel movement frequency to fewer than 
three bowel movements per week.'^-'^^ However, 
there tnay be difficulties with such a quantitative 
definition of constipation, as many people tend to 
underestimate their stool frequency"^' and patients' 
perceptions of constipation do not always relate to 
stool frequency. Patients chiefly identify constipa- 
tion .on, the basis of qualitative symptoms such as 
prolonged, tinje to; stool, difficult passage of stool, 
harc^umpy stools, need for manual manoeuvres to 
pass stool, feeling of incomplete evacuation and 
abdominal bloating.'^'^' 

Diagnostic criteria have been developed in an 
attempt to standardize the definition of chronic func- 
tional constipation. Among the most widely used are 
the so-called Rome criteria which, though evidence 
based, rely for their final definition on the consensus 
of an international committee (table I)."''''^) While a 
standardized definition is useful for clinical re- 
search, expert opinion suggests that widespread use 
of these criteria is restrictive and impractical. Obser- 
vationaL studies indicate that many patients who 
report 'constipation' do not fulfil the Rome criteria 
for chronic functional constipation.^-'^J The Ameri- 
cafi College of Gastroenterology (ACG) Chronic 
Constipation Task Force and the American Gas- 
troenterologicki Association therefore recommend 
adopdon of bfoSder definitions of chronic constipa- 
tion that can be used in everyday clinical prac- 
ij(,g li2ii7]. jhese incorporate the symptoms most 
commpnly expressed by patients who report consti- 
pation for ^ months (table I). 
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Table I. Definitions of ctironic constipation 
Rome III criteria for functional constipation''^' 
Presence of two or more of the following: 
straining during 225% of defecations 
lumpy or hard stools in 225% of defecations 
sensation of incomplete evacuation for ^5% of defecations 
sensation of anorectal obslructionA)lockage lor >25% of 
defecations 

manual manoeuvres to facilitate >25% of defecations (digital 

manipulations, pelvic floor support) 

fewer than three evacuations per week 

loose stools are rarely present without the use of laxatives 
Insufficient criteria for irritable bowel syndrome 
Criteria fulfilled for the last 3 months, and symptom onset >6 
months prior to diagnosis 

American College of Gastroenterology definition of chrortic 

functional constipation'"-"' 

Symptom-based disorder defined as unsatisfactory defecation 
and characterized by Infrequent bowel movements, difficult stool 
passage or both. Difficult stool passage Includes straining, sense 
of difficulty passing stool, incomplete evacuation, hard/lumpy 
stool, prolonged time to defecation or passage of stool or need 
for manual manoeuvres to pass stool. Chronic constipation is 
defined as the presence of these symptoms for >3 months 
American Gastroenterological Association definition of 
constipation"2.'ei 

Symptom-based disorder defined as unsatisfactory defecation 
and characterized by infrequent bowel movement, difficult stool 
passage or both. Difficult stool passage includes straining, sense 
of incomplete evacuation, hard/lumpy stool, prolonged time to 
defecate or pass stool or need for manual manoeuvres to pass 



2. Prevalence of Constipation 

In a systematic review of the epidemiology of 
constipation in North America, Higgins and Johan- 
sonl"J reported a prevalence range of 1.9-27.2%, 
with most estimates ranging from 12% to 19%. This 
wide range of prevalence estimates probably reflects 
differences in diagnostic criteria, as well as study 
population and methodology. Several studies report 
a higher prevalence of constipation in older age 
groups.'^-'*'^^ However, other studies describe simi- 
lar'^l or even lower rates of constipation"' in the 
elderly compared with the general population. 

Among the community-dwelling elderly, the 
prevalence of chronic constipation is reported to be 
about 15-20%, with women having two to three 
times higher rates of constipation than 
men."-^'^'>^'^^'^^' In nursing home residents, there is 
even larger variation amongst estimates of constipa- 



tion prevalence. Many studies report that up to 50% 
of nursing home residents experience constipation 
and 50-74% of residents use laxatives on a daily 
basis."^;^^'^^' However, Robson et al.'^^' reported a 
much lower point-prevalence rate of 12.5% and a 
3-month incidence of 7% in a large survey of 21 000 
nursing home residents. This relatively low preva- 
lence rate might be explained by the limited diag- 
nostic criteria, used in this study. 

Despite the lack of rigorously designed preva- 
lence stiidies, there can be no doubt that constipation 
is a significant health problem in the elderly. The 
disorder impacts negatively on an elderly individu- 
al's quality of life'^'*^ and adversely affects the econ- 
omy in terms of physician and laxative-prescription 
costs. Over 13 million general practitioner prescrip- 
tions were written for laxatives in England in 
2006,''' and the elderly likely account for a substan- 
tial portion of these, 

; 3.: Rathophysiblbgy of Constipation in 
tlie Elderly 

,3.1 Age-Related Changes in Bowel Structure 
■ and Function 

'•Cohstipation is associated with increasing 
^gg [5,19-23] However, the condition is not a physio- 
logical consequence of normal aging. Indeed, most 
healthy, active elderly individuals have normal bow- 
el function.'^"' Age-related alterations in ano-rectal 
physiology have been described, but these are rarely 
the sole cause of constipation in the elderly. Such 
changes , include decreased rectal compliance and 
diminished rectal sensation, which may result in 
larger rectal volumes being required to elicit the 
urge-' to,, defecate. Age is also associated with a 
significant reduction in anal canal squeeze pressure 
in wGmeh'^'"^^3%ut not in men, a differential change 
tha|.ido;gSi"notAappear -to be explained by parity. 
Resting anal pressures are lower in both gen- 
ders.P?'^^' "and such changes in sphincter pressure 
may predispose the elderly to faecal incontinence. 
Chahjges-in colonic motility have not been consist- 
ently demonstrated in the elderly. Although one 
study, indicated significant prolongation of colonic 
transit tihie with advancing age,'^'*' other studies 
showed no significant change. ^^^-'^^ Similarly, stud- 
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ies of colonic motor or myoelectric activity have not urinary tract infections. Its occurrence is especially 
revealed significant age-related changes. '^'1 likely among those with cognitive or sensory im- 

pairment, such as the nursing home patient with 

3.2 Primary or Idiopathic Constipation 



3.2. 1 Normal Transit Cor)sfipation 

Normal transit constipation is the most frequent 
type of constipation. Patients often complain of ab- 
dominal pain and bloating, difficult passage of 
stools or hard stools.'^*' However, transit time and 
stool frequency are within normal range. Many 
would regard this disorder as a component of the 
irritable bowel syndrome. 

3.2.2 Slow Transit Constipation 

Slow transit constipation is characterized by pro- 
longed intestinal transit time and has been attributed 
to various pathophysiological mechanisms. These 
include colonic dysmotility as a result of altered 
nitric oxide production,'^'' diminished gastrocolic 
reflex activity,''"'' altered regulation of the enteric 
nervous system'*" and altered concentrations of in- 
testinal neuropeptides such as substance P and 
vasoactive intestinal polypeptide. '^^l 

3.2.3 Outlet Constipation (Dyscoordinated Pelvic 
Muscie Activity/Pelvic Floor Dyssynergia) 
Normal defecation involves coordinated relaxa- 
tion of the external anal sphincter and puborectalis 
muscles, increased intra-abdominal pressure and in- 
hibition of colonic segmenting activity. In patients 
with defecatory disorders, there is a paradoxical 
contraction of the external anal sphincter and 
puborectalis muscles during the defecatory process 
and alterations in the anorectal inhibitory reflex.'^-'''' 
Feelings of incomplete evacuation and straining are 
key features. Anal fissures, haemorrhoids, rectal 
prolapse, posterior rectal herniation and rectocoele 
may all contribute to disordered defecation.'**' 

3.3 Secondary Constipation 

Many age-related problems contribute to the in- 
creased prevalence of constipation in the elderly 
(table n). 

4. Complications of Constipation 

The major consequences of constipation include 
faecal impaction and incontinence. Faecal impaction 
may lead to urinary retention and increase the risk of 



Table 11. Medical disorders and medications associated with con- 
stipation in the elderly 
Gastrointestinal 'disorders 
Colorectal tumour 

External compression (e.g. from a tumour) 
Diverticular disease 

Strictures (inflammatory, post-divertlculitis, post-ischaemic, post- 
radiotherapy) 
Rectal prolapse 
Rectocoele 
Volvulus 
Megacolon 

Irritable bowel syndrome 
Haemorrhoids 
Anal fissure - 
Neurological disorders 
Autbriomic lieuropalhy ' 
Parkirison's disease ; 
Cerebrovascular disease 
Depression ■,: 
Dementia, 
Spinal cord lesion 
Multiple sclerosis 
Myopathic disorders 
Amyloidosis 
Dermatpmyositis " 
Syi^iemic sclerosis 

Endocrine and metabolic disorders 

Diabetes .mellitus 

Hypoihyi-pidism 

Hyperparathyroidism 

Multiple endocrine' neoplasia II 

Hypercalcaemia 

Hypokalaemia 

hiypermagnesaemia 

Chronic kidney disease 

Dehydration 

Cardiac disorders 

Congestive cardiac failure 

Medications 

Analgesici (opioids, NSAIDs) 

Antacids (aluminium or calcium containing) 

Anticholinergics (tricyclic antidepressants, antihistamines, 

antipsychotics, antispasmodics) 

Antiepileptics 

Antidepressants (tricyclic antidepressants, monoamine oxidase 

inhibitors) 

Anti-parkinsonlan drugs 

Calcium ^channel antagonists 

C.alciurn supt>lemenls 

Diuretics (furosemide, hydrochlorothiazide) 

Iron supplements 
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Alzheimer's disease. Fasca! impaction may also 
lead to intestinal obstruction or even colonic 
(stercoral) ulceration, in severe cases. Excessive 
straining at stool can affect cerebral, coronary and 
peripheral arterial circulation with the resultant pos- 
sibility of syncope or cardiac ischaemia. Excessive 
straining also contributes to haemorrhoids, fissures 
and rectal prolapse. 

5. Assessment of the Elderly Individual 
witti Constipation 

A detailed discussion of the investigation of the 
constipated patient is beyond the scope of this arti- 
cle. Suffice it to say that given the likelihood of both 
co-morbidity and polypharmacy (table II) in this 
population, very careful attention should be directed 
to the identification of primary disease processes 
and iatrogenic causes of constipation. The search for 
intrinsic lesions of the colon should be directed by 
the clinical scenario; as in other age groups, the 
yield from invasive tests, such as colonoscopy, in 
otherwise uncomplicated and long-standing consti- 
pation is likely to be very low."*' In deciding on 
whether or not to embark on such tests, the clinician 
should be guided by the nature and duration of the 
history and the presence or absence of symptoms 
suggestive of other organic disease. Plain abdominal 
radiographs are of value in defining faecal loading 
and megacolon and may provide the first hints of 
obstruction. More specialized tests of colorectal or 
pelvic floor function are of limited value because of 
the relative paucity of specific interventions. 

6. iVIanagement of Chronic Constipation 
in the Elderly 



6.1 Aims 

The aims of treatment of chronic constipation are 
to relieve symptoms, restore normal bowel habit, i.e. 
the passage of a soft, formed stool at least three 
times a week without straining, and to improve 
quality of life with minimal adverse effects. Treat- 
ment should be individualized for each patient ac- 
cording to identified causes. 



6.2 General Measures 
(Non-Pharmacological Treatment) 

Any elderly individual presenting with constipa- 
tion. should have' a thorough review of their medica- 
tions. .Medications that can cause constipation 
should be replaced with an appropriate alternative 
medicine, where possible. It is often suggested that 
diet, hydration and physical activity be addressed in 
the elderly individual with constipation. However, a 
true causal link between these factors and constipa- 
tion has yet to be established and there are no 
randomized controlled trials that have tested these 
interventions. Most evidence comes from observa- 
tioii'al studies, 

Dehydration is frequently acknowledged as a risk 
factor for constipation and has been associated with 
slowed , transit times in some observational stud- 
ies.'"^' However, there are no randomized controlled 
trials or systematic reviews of advice to increase 
fluid in adults with chronic constipation. Caution 
should Be exercised when replacing fluids in the 
elderly with renal or cardiac failure. 

Fopds with a high residual fibre content (e.g. bran 
anid other whole grains, nuts, vegetables) are often 
recommended for the management of constipation. 
However, a diet poor in fibre should not always be 
assumed to be the cause of chronic constipation.''*^' 
The best way to add fibre is by making subtle 
changes to the diet. The changes should be made 
gradually to avoid abdominal pain and bloating, 
jvhich can occur with ingestion of fibre. Some pa- 
tients, may be lielped by a fibre-rich diet, but many 
patients jwithimore,; severe constipation have worse 
symptoms, for example, bloating and excessive gas, 
when inpreasing dietary fibre intake, thus limiting 
the applicability of this recommendation. In patients 
with idiopathic megacolon or other causes of colon- 
ic dilatation (e.g. bowel obstruction or megarectum), 
fibre 'siipplementation should be avoided. These pa- 
tiejtiJSjrequire a fibre-restricted diet with a regular 
schedule of laxatives or enemas to minimize faecal 
retention and iinpaction.''"' Faecal impaction should 
be,reiiioyed before initiation of fibre therapy. Foods 
dbhtaining complex carbohydrates, such as prunes 
or melons, can also help normalize bowel move- 
ments. 
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Table III. Graded recommendations and levels of evidence for treatments ni cl 



American College of Gastroenterology Chronic Con: 



Single level 1 trial or 22 level 2 trials Level 2: RCTs virith p > 0.05; or inadequate 



Level 3-5 trials 



Level 3: non-RCTs with contemporaneous 



4: non-RCTs with hisloric&r controls " 



Psyllium (ispaghula), polycarbophil, 
methylcellulose, bran, stool softeners, 
milk of magnesia (magnesium 
hydroxide), stimulant laxatives 
Herbal supplements, alternative 
treatments, lubricants, combination 



Good evidence (level 1): consistent results Polyethylene glycol, tegaserod 

from well designed, well conducted'studies 

Fair evidence (level 2): resblts shifw benefit, - Psyllium, lactulose 

but strength is limited by.the numlier, quality or 

consistency of the individual,.studies (fair quality) 

Poor evidence (level 3):rinsujfiqienti because of Magnesium hydroxide, polycarbophil, 
limited number or power of studies or flaws in methylcellulose, senna, bisacodyl, 
design or conduct (pooi^ 'quality) '. docusate preparations, bran, 
'^'"'. iart^' '" colchicine, misoprostol 



RCTs = randomized controlled trials. 



Data concerning the relationship between physi- 
cal activity and constipation in the elderly are also 
limited. Some observational studies suggest a pro- 
tective effect,'^^' whereas data from interventional 
trials are conflicting. '^^^ However, low-to-moderate 
levels of exercise are associated with a range of 
health benefits for people of all ages. One cohort 
study of 39 532 women in Australia found that 
women who were more physically active were less 
likely to report having constipation "sometimes or 
often" than women who were less physically active 
(comparison of most active group vs least active 
group by age group; odds ratio [OR] for constipa- 
tion: 0.58, 95% CI 0.47, 0.73 in women aged 18-23 
years; 0.72, 95% CI 0.63, 0.83 in women aged 
45-50 years; and 0.72. 95% CI 0.61, 0.85 in women 
aged 70-75 years).'"" 

The importance of establishing a routine that 
promotes normal bowel function should be empha- 
sized. This includes taking advantage of the gastro- 
colic reflex, which, for most individuals, is most 
pronounced after breakfast or supper. The need to 
respond as soon as possible to any urge to defecate 
should also be emphasized. 



6.3 Pharmacological Treatment 

Laxatives are amongst the most commonly pre- 
scribed medicines in the US and the \JKP-^°^ How- 
ever,.the evidence base supporting their use, espe- 
cially in the elderly, is often poor.'^'^ There have 
been,. a number of systematic reviews of various 
treatments for chronic constipation in recent 
years.I'^:'«'52'53) 2005, the ACG Chronic Constipa- 
tion Task Force published recommendations on the 
management of chronic constipation in North 
America.{.!7'"' In addition, Ramkumar and Rao,'^^^ 
als6 in 2005,' published a systematic review of the 
epgacypand safety of traditional medical therapies 
foErif^^fprjjc constipation. These systematic reviews 
included all randomized controlled trials evaluating 
treatments for constipation, but were not limited 
sjpeeifiSally to trials among the elderly. Table III 
outlines the levels of evidence and grading recom- 
rhendations for the various agents that were 
analysed in these systematic reviews. Laxatives can 
be classified into bulk laxatives, osmotic laxatives, 
stimulant laxatives and stool softeners. Some newer 
agents such as lubiprostone and tegaserod are also 
the following sections, in addition to 
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the evidence pertaining to use of laxatives in the 
elderly. 

6.3. 1 Fibre and Bulk-Forming Laxatives 
The principal fibre and bulk-forming laxatives 
are psyllium (ispaghula), bran, methylcellulose and 
polycarbophil. These agents increase the weight and 
water-absorbent properties of the stool, thereby in- 
creasing faecal bulk and accelerating luminal pro- 
pulsion. Increased gastrointestinal motility results in 
more rapid colonic transit time and increased fre- 
quency of bowel movements.'^^'^"' Fibre and bulk- 
forming laxatives may take several days to have an 
effect and patients taking them are usually advised 
to drink plenty of fluid so as to avoid mechanical 
obstruction. However, the necessity and effective- 
ness of additional fluid remain unproven. Common 
adverse effects of bulk-forming laxatives include 
bloating, flatulence and abdominal pain. Such ef- 
fects are frequently reported with natural fibre (psyl- 
lium) and are attributed to bacterial degradation. 
Adverse effects are less problematic with methylcel- 
lulose, a semisynthetic fibre, and non-existent with 
polycarbophil, a synthetic polymer of acrylic acid. 

Psyllium (Ispaghula) 

Psyllium is a derivative of the husk of Plantago 
ovata. Both systematic reviews of treatments for 
chronic constipation''''''*'^^' gave psyllium a grade B 
recommendation, i.e. moderate evidence to support 
its use in the treatment of constipation. Compared 
with placebo, psyllium appears to increase stool 
frequency. 1^^' However, there are conflicting data 
concerning gut transit times, with one study sug- 
gesting that total gut tiansit time improves'^^' and 
another suggesting that there is no change in gut 
transit. '^■'1 The effect of psyllium on stool consisten- 
cy in these trials was also conflicting, with Ashraf et 
al_[56j suggesting no change but Cheskin et al'^''^ 
suggesting significant improvement. Some studies 
of psyllium have been conducted specifically in the 
elderly. A small randomized, single-blind trial in 
seven patients with Parkinson's disease (mean age 
66 years, range 54-80 years) showed that psyllium 
treatment was associated with increased stool fre- 
quency over a 16- week follow-up period.'^*' In eld- 
erly nursing home patients, psyllium and poly- 
carbophil calcium have been noted to be similar in 
their effect in improving stool frequency, stool con- 



sistency and ease of defecation.'^'' In an opcii-labcl 
trial conducted in a general population, Dcttmar and 
Skyes'®'' compared psyllium with other laxatives. 
Psyllium was noted to be superior to three different 
stimulant/irritant laxatives, as well as lactulose and 
magnesium sulfate, in the treatment of constipation 
and was more palatable and acceptable to patients. A 
study of psyllium versus docusate sodium (sodium 
dioctyl sulfosuccinate) found that psyllium was su- 
perior to docusate sodium in its effect on stool 
frequency, stool water content, total stool output and 
a combination of several objective measures of con- 
stipation.'*'' However, the mean age of the patients 
in this study was 37.2 years and adverse events were 
not dbiciiiilented in the trial. 

Bran/ 

,,:.Bran received a grade C recommendation from 
Ramkumar and Rao'^^' and a grade B recommenda- 
tipn from the ACG Chronic Constipation Task 
pprce."?-'*' Some studies of bran have specifically 
been performed in populations of elderly individu- 
als. In a study of patients aged >60 years living in an 
ex't!itj'de,d care facility, the effect on constipation of 
0.5-1.5"'g of bran was compared with that of a 
regular-diet. '*?J- There was a decrease in laxative 
requirements in 'paifients taking bran, but these pa- 
tients also seemed to require more assistance with 
actual deifecation in terms of increased use of ene- 
mas and suppositories. A smaller study compared 
wheat bra;n 1.5-4.5 g with a regular diet in elderly 
long-stay geriatric patients with a mean age of 80 
years';^nd showed significant improvement in stool 
frequeiicj''and consistency and no significant differ- 
ence in laxative or suppository requirements.'*^' An- 
oth^r,t-tJ;}al investigated the relationship between 
clinical, response Xo dietary fibre treatment and 
transit in a sample of 149 patients (mean age 53 
years, range 18-81 years) with chronic constipa- 
tion.'**'. Eighty -five percent of patients with normal 
transit constipation improved or became symptom- 
free. Eighty percent of patients with slow transit and 
63% ;Qf patients with a disorder of defecation did not 
respond to dietary fibre treatment. Tramonte et al.'^^' 
conducted a systematic review and found no differ- 
ences rbetweeni bulk laxatives and other laxatives in 
bowel movement frequency. 



® 2008 Adis Dota Information BV. All rights reserved. 



Drugs Aging 2008: 25 (10) 



814 



Gallagher el al. 



Methylcellulose 

Methylcellulose received a grade C recommen- 
dation from Ramkumar and Rao'^^' and a grade B 
recommendation from the ACG Chronic Constipa- 
tion Task Force.''''''*^ One study compared 1, 2 or 
4 g of methylcellulose or 3.4 g of psyllium in 50 
healthy patients with the same treatment in 59 
chronically constipated patients; the mean ages of 
the two groups were 27 (range 1 8-70) and 28 (range 
18-70) years, respectively.'**^ In both healthy and 
constipated patients, there was a statistically signif- 
icant increase in bowel movement frequency and no 
difference in the incidence of abdominal cramps, 
flatulence or abdominal pain between the treatment 
and placebo periods. However, the lack of an appro- 
priate control group hampers interpretation of the 
results of this study. 

6.3.2 Osmotic LaxoHves 

Osmotic laxatives are hyperosmolar agents that 
cause secretion of water into the intestinal lumen by 
osmotic activity, thus leading to a softer stool and 
improved propulsion. They include saline laxatives 
(magnesium sulfate, magnesium citrate, magnesium 
hydroxide and magnesium phosphate), poorly ab- 
sorbed sugars (sorbitol and lactulose), macrogols 
(polyethylene glycol [PEG 3350]) and glycerin 
(glycerol) suppositories. The individual compounds 
differ in their adverse effect profile (primarily flatu- 
lence) and effectiveness, principally because of dif- 
ferences in their digestibility by colonic bacteria. 
The onset of action of osmotic laxatives ranges from 
0.5 to 48 hours;'^^'^^' saline laxatives can work with- 
in 0.5-3 hours, whereas poorly absorbed sugars and 
polyethylene glycol work within 24-^8 hours. Elec- 
trolyte abnormalities (hypermagnesaemia, hyper- 
phosphataemia, hypercalcaemia, hyponatraemia, 
hypokalemia), hypovolaemia and diarrhoea have 
been reported with use of osmotic laxatives, but the 
precise incidence of these adverse events is un- 
clear. '^^^ High doses of polyethylene glycol may 
produce diarrhoea, nausea, abdominal bloating, 
cramping and flatulence.'"-*^' 

Magnesium Salts (Saline Laxatives) 

Magnesium salts received a grade C recommen- 
dation from Ramkumar and Rao'^^l and a grade B 
recommendation from the ACG Chronic Constipa- 
tion Task Force.'"-'^) 



lOnly one trial has assessed the effectiveness of 
milk, of magnesia (magnesium hydroxide) for pa- 
tients with chronic constipation and its conclusions 
are difficult to. interpret because of the inclusion of 
multiple crossover periods.'^' The ACG Chronic 
Constipation Task Force felt that it was not possible 
to make any recommendation about magnesium hy- 
droxide, as a treatment for constipation, given the 
poor quality of this study design. Furthermore, use 
of magnesium in the elderly is limited by adverse 
effects such as flatulence, abdominal cramps and 
magnesium toxicity.'*" Magnesium also interferes 
with the absorption of several medications, includ- 
ing tetracyclines, digoxin, chlorpromazine and iso- 
niazid. Hypermagnesaemia is more likely to be a 
problem in patients with renal failure. Hypermagne- 
saemia may also cause paralytic ileus which, in 
itself, can cause constipation. There are no trials that 
have evaluated use of magnesium sulfate (Epsom 
salts) in the treatment of constipation after 1966. 

Lactulose 

t^BtuIbse receiyeil a grade B recommendation 
from Rajrikurhar and Rao'^^' and a grade A recom- 
mendation from the ACG Chronic Constipation 
Task Force.''''''^' Lactulose is a non-absorbable syn- 
thetic dissacharide that is metabolized by colonic 
bacteria into lactid acid and other inorganic acids, 
which are in turn absorbed by the intestinal mucosa. 
The osmotic effect of lactulose usually occurs after 
48-72 hours and results in increased colonic peri- 
stalsis. The main adverse effects of lactulose are 
bloating, flatulence and hypokalaemia.'™' 

Three studies: have compared lactulose with pla- 
cebo: one included patients with a mean age of 28 
years,'""' another with a mean age of >60 years''^' 
and, yetanotiier, was among nursing home residents 
with a mean age of 84.7 years.'"' In the latter study, 
lactulose was superior to placebo with an increase in 
stool frequency, a reduction in the severity of 
cramping, flatulence and tenesmus, and a reduction 
in-'the nii'mber: of faecal impactions.''^' Lactulose- 
trea.ted --patients needed fewer enemas than control 
patients and no adverse clinical or laboratory effects 
were noted. However, the numbers in these trials 
were relatively small at 24,''" 103l''2] and 47.'") 
Compared with polyethylene glycol solution, lac- 
tulose is less efficacious and has more adverse ef- 
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fects.'^''^ An open-label, parallel study that compared 
lactulose, ispaghula and placebo suggested that the 
two treatment agents were equally effective in the 
treatment of constipation.''^' 

Sorbitol 

Sorbitol is a non-absorbable sugar alcohol that 
exerts its osmotic effect at the level of the colon. 
Lederle et al.'''°^ compared sorbitol with lactulose in 
a small sample of 30 elderly men aged 65-86 years 
and reported equal effectiveness. However, sorbitol 
is less expensive than lactulose and seems to pro- 
duce less nausea. Abdominal pain and flatulence 
were equally frequent with both agents. These ad- 
verse effects may limit tolerability. 

Macrogols 

Polyethylene glycol received a grade A recom- 
mendation from both Ramkumar and Rao"^' and the 
ACG Chronic Constipation Task Force.'"-'^] Poly- 
ethylene glycol is an iso-osmotic laxative that binds 
water molecules. It is not absorbed and not metabo- 
lized by colonic bacteria. Different preparations ex- 
ist with molecular weights ranging from 3000 to 
4000 kDa, but electrolyte loss is unlikely when 
polyethylene glycol is used in small volumes 
(10-30 g) as a laxative.'^*' The volume of stools is 
increased and their consistency is softer, resulting in 
increased peristalsis. Many studies have demonstra- 
ted the efficacy of polyethylene glycol; however, 
very few have specifically included elderly patients. 

In their review, Ramkumar and Rao'^^' identified 
eight randomized controlled trials of polyethylene 
glycol. Five compared polyethylene glycol with pla- 
cebo,''*"*"' one compared polyethylene glycol with 
lactulose in patients with chronic constipation'''*' 
and another evaluated the efficacy and tolerability of 
polyethylene glycol solutioiis, lactulose and placebo 
in relieving opioid-induced constipation.'*" The fi- 
nal study compared two doses of polyethylene 
glycol solutions; an iso-osmotic preparation and a 
hypo-osmotic preparation.'^^' However, constipa- 
tion was variously defined, with only two studies 
utilizing the Rome criteria to identify suitable pa- 
tients. Only three of these trials included a propor- 
tion of patients aged >65 years."*''"'*^] 

Adverse effects of polyethylene glycol include 
nausea, vomiting, diarrhoea, flatulence and abdomi- 
nal cramps. In addition, fulminant pulmonary oede- 



ma has' been reported with use of polyethylene 
glycol.'*^'*"' The precise mechanism is unclear, but it 
is thought that the osmotic properties of polyethyl- 
ene glycol can induce pulmonary oedema when the 
agent is aspirated into the lungs. Use of polyethylene 
glycol with electrolyte solutions must be carefully 
managed in patients at high risk of aspiration, such 
as elderly patients with Parkinson's disease or 
supranuclear palsy. 

6.3 3 Stimulant Laxatives 

Stimulant laxatives received a grade C recom- 
mendation from Ramkumar and Rao'^^' and a grade 
B recommendation from the ACG Chronic Consti- 
pation Task Force.'"-'*' Both systematic reviews 
found insufficient data to make a recommendation 
about the effectiveness of stimulant laxatives in 
patients with chronic constipation. 

Stimulant laxatives include anthroquinones (sen- 
na, , aloe,,, cascara), diphenylmethane derivatives 
(bisacodyl, sodium piicosulfate), castor oil (obselete 
due to risk of rrialabsorption, dehydration and lipoid 
pneumdnia) and phenolphthalein (now withdrawn 
as ,shoWJi: to be carcinogenic). Stimulant laxatives 
increase intestinal motility and secretions by stimu- 
lating the colonic myenteric plexus and altering 
fliiid'ahd electrolyte transport. Their laxative effect 
is dose dependent since these agents inhibit the 
absorption of sodium and water at low doses and 
stimiilate sodium and water influx into the colonic 
lunieiri at high doses.'^*-*'' The onset of action of 
stimulant laxatives usually occurs within 8-12 hours 
of administration but frail elderly patients may have 
a slower response. Stimulant laxatives can cause 
abdominal discomfort, electrolyte imbalance, aller- 
gic reactions and hepatotoxicity.'*'' They have a less 
favourable adverse effect profile than other laxa- 
tives. Cathartic colon (a syndrome characterized by 
colonic dilatation and loss of haustration) has been 
reported 'in patients taking stimulant laxatives.'**' 
Whether or not stimulant laxatives cause permanent 
structural damage to the colon is unclear.'*'-"' Sen- 
na-containing compounds have been associated with 
melanosis coli, though there is no clear association 
between melanosis coli and colorectal cancer.'*''**' 

6.3:4 Stbol Softeners 

Stool softeners received a grade C recommenda- 
tion from Ramkumar and Rao'^^' and a grade B 
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recommendation from the ACG Chronic Constipa- 
tion Task Force.'"-'*' Evidence for their effective- 
ness is limited and they are no longer recommended 
for the treatment of constipation. Stool softeners 
include docusate sodium and docusate calcium. 
Docusate is of questionable efficacy,'*^' has been 
associated with the development of faecal soiling in 
the elderly and is, therefore, not recommended for 
use in this age group. Liquid paraffin is no longer 
recommended as it may reduce absorption of fat- 
soluble vitamins and cause lipoid pneumonia if aspi- 
rated. 

6.3.5 PioklneUc Agents 

Prokinetic agents have traditionally been used for 
the treatment of upper gastrointestinal tract func- 
tional disorders, including gastro-oesophageal re- 
flux disease, gastroparesis and dyspepsia. However, 
recently their effects on the lower gastrointestinal 
tract and their therapeutic potential in the treatment 
of constipation have been evaluated."""'*' Of the 
prokinetic agents, cisapride is no longer available 
because of serious cardiac adverse effects and the 
risk of drug interactions with cytochrome P450 3A4 
inhibitors. The motility-enhancing effects of many 
of the newer classes of prokinetics are mediated by 
stimulation of intrinsic cholinergic nerves in the 
gastrointestinal tract via activation of serotonin 
5-HT4 receptors. 

Tegaserod 

The prokinetic agent tegaserod received a grade 
A recommendation from both Ramkumar and 
Rao'^^' and the ACG Chronic Constipation Task 
Force.l".'«l 

Tegaserod is a presynaptic 5-HT4 receptor ago- 
nist. It modulates fluid content through cyclic aden- 
osine monophosphate-mediated release of chloride 
from colonocytes. Tegaserod stimulates the peristal- 
tic reflex, increases colonic motility and decreases 
visceral hypersensitivity.""'^' Several large, ran- 
domized, double-blind, parallel-group trials have 
evaluated the effectiveness of tegaserod (2 or 6 mg 
twice daily) in patients with constipation attributed 
to irritable bowel syndrome."^"'^' However, none of 
these trials specifically targeted elderly patients and 
all enrolled a majority of women (about 85%). 
Tegaserod has not been shown to be efficacious in 
male patients. Nevertheless, all studies showed that 
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tegaserod is well tolerated and improves frequency 
of complete spontaneous bowel movements, strain- 
ing. stopl frequency and consistency in patients with 
chronic constipation. The main adverse effect re- 
ported in clinical trials was diarrhoea, though this 
was. generally mild and transient, did not result in 
electrolyte imbalance and resolved with continued 
treatment. In these studies, the overall incidence of 
adverse effects with tegaserod was similar to that of 
placebo."^' No clinically relevant drug interactions 
have been described with tegaserod and no dosage 
adjustment is required in elderly patients or in those 
with mild-to-moderate hepatic or renal impair- 
ment."^' However, in the US, tegaserod has not been 
approved for use in patients aged >65 years; rather, 
it hcis been approved by the US FDA only for use in 
patients aged <65 years with chronic idiopathic con- 
stipation and for women who have irritable bowel 
syndrome with constipation. Furthermore, the sale 
and marketing of tegaserod in the US and elsewhere 
wj^re suspended in March 2007 following the identi- 
ficStioriMpf an iricreased risk of cardiovascular events 
am8i^g*patierii:'s who had received this drug. More 
recently, tegaserod has been rc-introduced in a re- 
stricted manner for qualifying patients in the US. 
Tegaserod has not been approved for use in the EU. 

Prucalopride''- 
. Prucalopride is a 5-HT4 receptor agonist with 
prokinetic effects similar to tegaserod."''' Two ran- 
domized, double-blind, placebo-controlled trials in 
patients with severe constipation (mean age 46 
years) "reported prucalopride to be more effective 
than pMcebo."*''""' However, high-quality data sup- 
porting its usfr'iii thd telderly are unavailable. 

' EiytKromycin 
Erythromycin is a potent stimulator of gastroin- 
testinal ijnptility as a result of its action as a motilin 
recpptbi-., agonist. However, the known distribution 
of motilin receptors throughout the gut does not 
sii^giest that ei-ythromycin would have a significant 
effect 'On.i colonic motility. Nevertheless, Sharma 
et al.l'"" undertook a pilot study to evaluate the 
effect of erythromycin on constipation in adults. In 
this open-label :hon-randomized trial, 11 male pa- 
tients were treatfed for 1 month with erythromycin 
(1 g/day for 2 weeks, then 500 mg/day for 2 weeks). 
Both colon transit time and stool frequency im- 
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proved. Two patients complained of increased bow- 
el sounds, but otherwise there were no significant 
adverse effects. Further studies of erythromycin for 
the treatment of constipation have not been reported. 
Use of erythromycin is also limited by its poor 
bioavailability when given orally and the risks of 
antibacterial administration. 

Other non-antibacterial macrolides have been de- 
veloped but none has been approved for constipation 
or any other condition to date. 

6.3.6 Oiher Agents 

Loxiglumide 

Loxiglumide is a cholecystokinin receptor ant- 
agonist. It has been evaluated in a small prospective 
randomized, double-blind, controlled trial of 21 
nursing home patients (mean age 83 years) with 
chronic constipation. Thirteen male and eight 
female patients were randomized to receive either 
loxiglumide 800 mg three times daily or placebo. 
There was a statistically significant improvement in 
stool frequency from 3.9 per week in the placebo 
group to 4.8 per week in the treatment group. No 
serious adverse events were encountered. 

Nizatidine 

Nizatidine, a histamine H2 receptor antagonist, 
has been reported to enhance colonic peristalsis in 
healthy young adults.''"^' However, further research 
is warranted to define the role of this agent in the 
management of constipation. 

Colchicine 

Colchicine is usually used for the treatment of 
acute gout and familial Mediterranean fever. How- 
ever, diarrhoea is a common and limiting adverse 
effect of this medication, a characteristic which has 
led to exploration of its potential as a treatment for 
constipation. Colchicine received a grade C recom- 
mendation from Ramkumar and Rao,'^^^ who con- 
cluded that there was insufficient evidence to sup- 
port its use in the treatment of chronic constipation. 

Colchicine has been evaluated in a randomized, 
double-blind, placebo-controlled trial of 16 chroni- 
cally constipated patients (mean age 47 years, range 
25-89 years, two patients aged >65 years)."°^' In 
this study, colchicine was given at a dose of 0.6 mg 
three times daily over a 4-week period. This regimen 
significantly increased bowel movement frequency 



and decreased colonic transit time compared with 
both, baseline values and placebo. No patient had 
serious adverse . effects, but abdominal pain was 
reported more frequently with colchicine. There 
may also be a role for colchicine in the management 
of;patients with Parkinson's disease and constipa- 
tion"°^l and in those with chronic constipation fol- 
lowing colectomy with ileorectostomy for colonic 
inertia.""*! 

-^'IVIisoprostol 

^Misbprostdrfeceived a grade C recommendation 
froiTi Ramkumar and Rao.'^^' This drug is a synthetic 
prostaglandin El analogue that is used in the pre- 
vention and treatment of NSAID-induced peptic 
ulcer disease. Diarrhoea is a common adverse effect 
ofihisoprbstol. Only one randomized trial has eval- 
uated misoprostol, in the management of chronic 
constipation.''"'' This trial enrolled eight patients 
aged >il''years. Misoprostol significantly increased 
colonic transit time and stool frequency compared 
witjfi^j?lacebo, "but because of its small sample size 
tli4-reiults of this study may not be generalizable. 
Lublprostone 

Lubiprostohe is a type 2 chloride channel activa- 
tor that'increases fluid secretion from the colon and, 
thereby, enhances stool passage. Based on data from 
randomized trials involving adults,"™' lublprostone 
has iieen approved for the treatment of chronic con- 
stipation in adults in the US; specific data on the 
elderly arie not iavailable. The adverse effect profile 
of Jubiprostofte apipears to be favourable. 

. Herbal. Supplements, Alternative Treatments, 
Lubricants, Combination Laxatives 
/nigre^ are no published randomized controlled 
trt£ils in .:the English literature of the efficacy of 
hisrbsj ^i^ipplements, lubricants or combination laxa- 
tijvfe^ydii|!the management of adult patients with 
chronic constipation. 

,^-''^;4Biofeed6ack and Sacral 
i/^vii^grye-Stirhblation 

Patients using biofeedback techniques to control 
constipation are trained to relax their pelvic floor 
muscles during straining and to correlate relaxation 
and pushing to achieve defecation. In one uncon- 
tiolled study, biofeedback provided long-term bene- 
fit for patients with intractable, slow and normal 
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transit constipation.""^' TJiis study followed 100 
patients over a 23-month period. Straining, need for 
digital manipulation, pain and bloating were all sig- 
nificantly reduced immediately after biofeedback 
and after 23 months' follow-up. More recently, two 
randomized controlled studies have provided con- 
vincing evidence of efficacy for biofeedback in pa- 
tients with pelvic floor dyssynergia." There 
may be limitations to the application of this ap- 
proach in some elderly individuals because of an 
inability to cooperate fully with the biofeedback 
programme. 

Sacral nerve stimulation is now widely used in 
the management of faecal incontinence, and some 
preliminary data suggest a possible role for this 
approach in intractable constipation.'"^' 

6.5 Enemas and Suppositories 

Though seldom studied in a formal manner, both 
enemas and suppositories are widely used in the 
management of constipation in the elderly. Enemas 
play an important role in the management and, espe- 
cially, the prevention of faecal impaction among 
those at risk. Suppositories can help to initiate and/ 
or facilitate evacuation. For example, an approach 
that combined daily administration of lactulose with 
a glycerin suppository and a once-weekly tap water 
enema was successful in achieving complete rectal 
emptying and preventing incontinence related to 
impaction in some institutionalized elderly pa- 
tients.'"^' Similar success rates were oijtained using 
a combination of a laxative and a suppository in 
stroke patients.'""' 

The antegrade continent enema approach in- 
volves placing a conduit into the appendix, neoap- 
pendix caecostomy or colon to permit the regular 
instillation of enemas.'"^' Some enthusiasm has 
been expressed for this approach, despite its techni- 
cal challenges, in patients with intractable slow- 
transit constipation. When using enemas in any regi- 
men for the treatment of constipation in the elderly, 
it is necessary to remain mindful of the significant, 
and even fatal, disturbances of water and electrolyte 
balance that can occur with use of sodium phosphate 
enemas in vulnerable patients, such as those with 
renal impairment and cardiac disease." '^' 



7. Summary 

Our review of the extant literature reveals a slim 
evidence base on which to develop a management 
algorithm for constipation in the elderly. Indeed, it 
could be said that clinical practice in this area owes 
more to anecdote than to randomized controlled 
cliiiical trials. As a consequence only the following 
general 'rdcominendations can be made: 
1 . Appreciate the prevalence of constipation in the 
elderly and, especially, identify those at risk for 
megacolon and impaction. Prophylactic measures 
may well be indicated in those at risk for impaction 
and related incbntinence. 

2: Search for underlying causes, be they co-morbid 
diseases or iatrogenic factors. The temptation to 
regard constipation as an inevitable consequence of 
agihg^ shbiild be avoided. 

3: While institution of dietary and lifestyle measures 
can be supported on the basis of their general health 
benefits, evidence for a direct impact of such mea- 
sures on constipation in the elderly is lacking. 
4. In most instances, fibre supplements and simple 
osmotic laxatives .are likely to prove adequate for 
the relief of symptoms. The clinician needs to be 
aware of the tolerability and adverse event profile of 
individual agents in this age group. 
5; li^ptwithstanding the fact that they are widely used 
in the elderly, treatment with other laxatives in this 
age group is not supported by evidence from clinical 
trials. Furthermore, the clinician needs to be con- 
stantly aware of the risks of long-term use of laxa- 
tiyps and enenj(as in this age group and be prepared 
tpj r^yiew sucli patients on a regular basis.'"" 
6,-.t6 Mte, no safe effective prokinetic agent has 
been widely api)roved for the treatment of constipa- 
tJ(m.':?,jfi; 

7. 3[he chloride, channel agonist lubiprostone shows 
promise; studies in the elderly are needed. 
8. Other approaches, such as biofeedback, may be 
indicated in certain instances. 

8. Conclusion 

Constipation is a symptom subject to considera- 
ble variation in description and interpretation, and a 
cohcise atid all encorhpassing definition of the con- 
ditipn^accordihgly remains elusive. The subjective 
nature of the condition must be remembered when 
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assessing patients of any age with this complaint." 
Regardless of its nature, be it slow-transit or outlet, 
constipation is a significant healthcare problem in 
the elderly. There is insufficient evidence to support 
the use of many commonly used laxatives both in 
the general population and in the elderly. Lifestyle 
interventions have value for some patients but data 
are lacking on the benefits of these interventions in 
patients with chronic constipation. Management 
should be tailored to each individual's needs and 
expectations, regardless of age or place of residence. 
More elderly individuals should be enrolled in clin- 
ical trials. 
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Update on constipation: 
One treatment does not fit all 



■ ABSTRACT 

Constipation is a common clinical problem that can be 
difficult to manage. It has a variety of identifiable causes, 
but even idiopathic constipation has different possible 
mechanisms. Often, the key to improvement and patient 
satisfaction is to understand the mechanism and the 
patient. 

■ KEY POINTS 

A high-fiber diet often improves functional constipation, 
but it may worsen slow-transit constipation or dyssyner- 
gia (a failure of the pelvic floor muscles to relax). Nev- 
ertheless, fiber remains a mainstay of treatment for its 
ability to provide homogeneous stool consistency. 

Drugs approved for treating constipation increase fluid 
in the lumen, speed intestinal transit, and improve stool 
consistency, while tegaserod (Zelnorm) additionally acts 
as a serotonin agonist. 



Colonoscopy and other tests are reserved for patients 
with refractory constipation and those with symptoWis 
suggesting colon cancer. 



Prebiotics (short-chain carbohydrates that stimulate 
activity of beneficial colonic bacterial flora) and probiot- 
ics (live bacterial preparations) are under evaluation as 
treatments for chronic constipation. 



CONSTIPATION is both a symptom and, when 
chronic, a multisymptom disorder, and it 
can overlap with other gastrointestinal tract 
disorders such as dyspepsia and gastroesopha- 
geal reflux disease. Furthermore, one should 
keep in mind the possibility of cancer and be 
alert for its warning signs. 

Since constipation has a variety of causes 
and forms, one treatment does not fit all pa- 
tients. Conservative measures such as recom- 
mending that the patient increase his or her 
intake of dietary fiber and water and engage in 
more physical activity are still the cornerstone 
of treatment, but they do not help all patients. 
On the other hand, polyethylene glycol and 
stimulant laxatives, which are traditionally 
given only for a short time, can be safe and 
effective when given long-term if other agents 
fail. New agents have become available or are 
in development. 

In this article we outline our approach to 
constipation, as a guide for internists. 

m CONSTIPATION IS COMMON, 
BUT HOW SHOULD WE DEFINE IT? 

Constipation affects 2% to 27% (average 
14.8%) of the North American adult popu- 
lation — approximately 63 million people.' It 
is more common than many other chronic 
diseases, including hypertension (48 mil- 
lion people), migraine (33 million), obe- 
sity (50 million), and diabetes mellitus (15 
million).'"^ 

Constipation affects more women than 
men (2.1:1 ratio) and more nonwhites than 
whites (1.68:1).' It occurs in all age groups but 
is more common in those older than 65 years 
and younger than 4 years."*'^ 
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Constipation accounts for more than 2.5 
million office visits and more than $500 mil- 
lion spent on laxatives per year.''''' Also, people 
with constipation may report decreased pro- 
ductivity and increased absenteeism.* 

The broad range in the prevalence of 
constipation cited above reflects differenc- 
es in how it is defined and, in particular, a 
lack of agreement between how patients and 
physicians perceive it.''^ Physicians mainly 
define constipation on the basis of stool fre- 
quency, considering fewer than three bowel 
movements per week to be abnormal.' In 
contrast, patients typically define it on the 
basis of bothersome symptoms such as strain- 
ing, passage of hard stool, unproductive 
urges, inability to defecate at will, and sensa- 
tions of incomplete evacuation or abdominal 
bloating.'''-'° 

The Rome 111 diagnostic criteria were 
developed to provide a consistent diagnostic 
approach for use in clinical practice and clini- 
cal trials." The Rome III criteria define func- 
tional chronic constipation as a chronic bowel 
disorder characterized by two or more of the 
following: 

• Straining 

• Lumpy or hard stools 

• Sensations of incomplete evacuation 

• Sensations of anorectal obstruction or 
blockage 

• Use of manual maneuvers to facilitate def- 
ecation (eg, digital evacuation, support of 
the pelvic floor) during at least 25% of def- 
ecations 

• Fewer than three bowel movements jper 
week. 

In addition, loose stools should rarely occur 
without the use of laxatives, and there should 
be insufficient criteria for irritable bowel syn- 
drome." Chronicity is established by symptom 
onset within the previous 6 months and symp- 
tom duration of at least 3 months. 

Ill contrast, patients with irritable bowel 
syndrome, also a functional bowel disorder, 
experience recurrent abdominal pain and 
discomfort associated with two or more of 
the following: symptom improvement with 
defecation, symptom onset associated with a 
change in the frequency of bowel movements, 
and a change in the form or appearance of the 
stool. 



m THREE TYPES OF IDIOPATHIC CONSTIPATION 

There are three types of primary or idiopjsiriic 
constipation^''''^''^: 

• Functional 

• Slow-transit 

• Outlet dysfijnction. 

Functional constipation includes func- 
tional chronic idiopathic constipation and 
constipation-predominant irritable bowel syn- 
drome. It presents with a sense of difficult or 
delayed evacuation, hard stools, or abdominal 
bloating or discomfort.^''''^ The predominant 
symptom of constipation-predominant irri- 
table bowel syndrome is severe discomfort or 
pain; in chronic idiopathic constipation, pain 
and discomfort may be present but are not the 
primary symptom. 

Slow-transit constipation (or delayed- 
transit constipation) is associated with a pro- 
longed time between bowel movements. Its 
symptoms include low stool frequency, lack of 
urge to defecate, abdominal distention, bloat- 
ing, and abdominal discomfort.''' 

Outlet dysfunction. Disorders of defeca- 
tion can be due to mechanical causes such as 
Hirschsprung disease, anal stricture, cancer, 
prolapse, and large rectoceles, or from pelvic 
floor dysfunction. Pelvic floor dysfunction may 
be due to inadequate or excessive perineal de- 
scent or to inadequate propulsive forces, as 
may occur in neurologic or neuromuscular 
conditions and dyssynergia. 

Pelvic floor dyssynergia, also called ano- 
rectal dyssynergia, dyssynergic defecation, 
and anismus, results from a functional defect 
in coordinated evacuation. The characteristic 
symptom is a feeling of being unable to ade- 
quately empty the rectum.''' Other symptoms 
such as excessive straining and manual disim- 
paction indicate but are not unique to pelvic 
floor dyssynergia.'"*''^ 

Combined forms. Patients may have 
more than one type of primary constipation 
and presentation, and pelvic floor dyssynergia 
has been shown to prolong intestinal transit, 
which may improve with treatment. 

Secondary constipation can be due to causes 
such as diet, lifestyle, certain medications (cal- 
cium channel blockers, beta-blockers, opioids, 
diuretics, antidepressants, anticonvulsants, ant- 
acids, anticholinergics, and antispasmodics),^''^ 
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underlying medical conditions (diabetes, hypo- 
diyroidism, multiple sclerosis, parkinsonism),'^ '^ 
pregnancy, and advanced age.'* 

H NEUROTRANSMITTERS MAY PLAY A ROLE 

Among the mechanisms thought to cause chron- 
ic constipation are impaired gastrointestinal 
motility,''"^^ reduced intestinal secretions,^'"" 
and inadequate reflex relaxation of the pelvic 
floor muscles.^^'^'' 

Neurotransmitters such as serotonin, so- 
matostatin, peptide YY, and vasoactive in- 
testinal peptide affect intestinal secretion 
and motility.^^'^^ Hyperactivity of these neu- 
rotransmitters associated with increased secre- 
tion and motility results in diarrhea, whereas 
hypoactivity leads to decreased secretion, de- 
layed transit, and constipation." 

Serotonin has a role in regulating visceral 
pain perception and intestinal motility, as well 
as secretion.^^^* Clinical trials have shown 
that activation of serotonin receptors in the 
gut enhances gastrointestinal motility, inhib- 
its visceral sensitivity, and stimulates intesti- 
nal secretion.^^'"'^' 

A hypothesis has recently been proposed 
that degeneration of enteric neurons may also 
play a role in the development of severe idio- 
pathic constipation.-'" 

■ DIAGNOSIS IS MOSTLY CLINICAL 

The history and physical examination remain 
the cornerstones in the diagnosis and subse- 
quent treatment of chronic constipation. 

History 

The history may provide clues as to a primary 
cause. The patient interview yields informa- 
tion about the frequency and consistency of 
stool (table i),^' the need to strain or manually 
disimpact, the sense of incomplete evacua- 
tion, pain, bleeding, or prolapse. 

Risk factors for primary and secondary 
constipation to note duririg the interview 
include age (< 4 years, > 65 years); low-fiber 
diet; female sex; lack of physical activity; his- 
tory of childhood constipation, endocrine and 
neuromuscular disorders, abuse, depression, or 
anxiety; family history of cancer; and personal 
history of pelvic surgery. 



TABLE 1 

The Bristol Stool Form Scale 

Type 1 Separate^hard lumps, like nuts (hard to pass) 
Type 2 Sausage-shaped but lumpy 
Type 3 like a sausage but with cracks on its surface 
Type 4 Like a sausage or.snake, smooth and soft 
Type'5 Soft blobs-with clear-cut edges (passed easily) 
Type 6 Fluffy pieces with ragged.edges,.a.mushy stool 
Type 7 ■ Watery, ho solid pieces; entirely liquid 



^LTRANSmiME ' 
>CAND J GASTROENTEROL 1997; 32' 920-924., 
D BY PERMISSION OFTAYLOR & FRANCIS LTDA 



Since drugs can also cause chronic con- 
stipation,, especially in elderly or immobile 
patients, medication lists should be reviewed 
and adjustments should be made if necessary 
(or possible) before recommending laxatives 
or invasive testing, if no alarm signs are pres- 
ent. 

Alarm signs such as weight loss, hemato- 
chezia, melena, change in bowel habits, and , 
symptoms refractory to therapy may represent SignS OT CailCer: 
colon cancer and indicate the need for early heiliatochezla, 

diagnostic testing. anemia, fecal 



Physical examination 

Physical examination should always include 
inspection of the perianal area for evidence of 
hemorrhoids or fissures. Digital rectal exami- 
nation may reveal a contracted sphincter or 
a puborectalis muscle that contracts with the 
Valsalva maneuver, suggesting dysfunction. 

Laboratory testing 

If the history and physical examination sug- 
gest that the constipation may be secondary, 
or if the patient is 50 years of age or older, 
then laboratory studies such as a complete 
blood cell count, serum electrolyte levels, 
blood sugar level, and thyroid function studies 
may help rule out a metabolic, endocrine, or 
organic cause. 

Colonoscopy, other tests 

At present, little evidence suggests that rou- 
tine testing is warranted in patients without 



occult blood, 
weight loss, 
fever, nausea, 
vomiting, 
acute onset 
of constipation 
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evidence of secondary constipation and with- 
out alarm signs. However, diagnostic studies 
are indicated in patients 50 years of age and 
older, as well as in those with alarm symptoms 
such as hematochezia, anemia, a positive fecal 
occult blood test, unintentional loss of more 
than 1 0 pounds, family history of colon cancer 
or inflammatory bowel disease, fever, nausea, 
vomiting, acute onset (especially in the el- 
derly), and lack of improvement with conven- 
tional therapies regardless of age.^ 

The full length of the colon should be in- 
spected by colonoscopy or by flexible sigmoid- 
oscopy paired with a barium enema study to 
rule out structural disease. Of note, all patients 
50 years of age or older should be screened for 
colon cancer. 

If the patient does not respond to therapy, 
further tests such as colonic transit studies, 
anorectal manometry with balloon expul- 
sion, and, possibly, defecating proctography 
or dynamic pelvic magnetic resonance imag- 
ing may be considered. These patients would 
likely also benefit from referral to a gastroen- 
terologist for further management 

■ DIET AND LIFESTYLE AS TREATMENT 

For many years, health care providers have 
provided reassurance and recommended diet 
and lifestyle modifications as treatment for 
constipation. Increased water intake, in- 
creased activity, and a scheduled attempt at 
defecation when motor activity in the colon 
is highest, ie, in the morning or after eating, 
have all been recommended. 

Data on the efficacy of these recommenda- 
tions are scarce and often contradictory. Stud- 
ies have shown that increasing water intake or 
daily exercise is not always helpful.-'^"^'' Nev- 
ertheless, many patients who comply with di- 
etary and exercise recommendations have irti- 
provement in symptoms. Eating fewer meals 
per day (and hence taking in fewer calories) 
has been shown to be associated with constipa- 
tion in the elderly. However, no relationships 
between fiber or fluid intake and constipation 
were noted.^^ 

In a study in which chronically constipat- 
ed patients were fed a standardized diet that 
contained 25 g of fiber a day, stool frequency 
increased significantly and laxative use de- 



creased.^"^ While on a high-fiber diet, the pa- 
tients were divided into two groups, one that 
drank 1.1 L of fluid per day and one that drank 
2.1 L of mineral water per day. Both groups ex- 
perienced further improvements in stool fre- 
quency and decreases in laxative use, with the 
mineral-water group benefiting the most.'^ 

Recently, Murakami and others'^ found, 
in a cross-sectional study in young Japanese 
women with low daily fiber intake (6.4 g/day), 
that low water intake from foods and low 
magnesium intake were associated with an in- 
creasing prevalence of functional constipation 
as defined by the Rome III criteria. Constipa- 
tion was also found to be significantly associ- 
ated with low intake of fruits and vegetables in 
a study from Singapore.^^ 

Moderate physical activity and high fi- 
ber intake may be associated with a lower 
prevalence of constipation in women. In 
the Nurses' Health Study, more than 62,000 
women between the ages of 36 and 61 were 
surveyed, and those who said they engaged in 
daily physical activity had a lower prevalence 
of constipation (prevalence ratio [PR] = 0.56, 
95% confidence interval [CI] 0.44-0.70), as 
did those with a median fiber intake of 20 g/ 
day (PR = 0.64, 95% CI 0.57-0.73).^' 

B BULK LAXATIVES (FIBER SUPPLEMENTS): 
THE FIRST-LINE TREATMENT 

Fiber remains the first- line treatment for con- 
stipation. It may relieve or improve symptoms 
in functional constipation. However, fewer 
than 30% of patients with either slow-transit 
constipation or pelvic floor dysfunction have 
improvement in symptoms with fiber, and in 
these types of constipation it can even worsen 
symptoms.^" 

There is much confusion about what types 
of fiber should be recommended and how the 
various types of fiber perform in resolving con- 
stipation. 

Insoluble fiber 

Insoluble fiber resists bacterial degradation 
in the colon and can retain more water than 
soluble fiber can. 

Bran 20 g/day increased the frequency 
of bowel movements by 55%, increased fe- 
cal weight by 157%, and decreased intestinal 
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transit time by 50% in women who had three 
or fewer bowel movements per week.'" 

Muller-Lissner''^ and others performed a 
meta-analysis and found that bran (25 g/day) 
increased stool weight and decreased transit 
time in both healthy controls and patients with 
chronic constipation. Yet constipated patients 
taking bran still had lower stool weights and 
slower transit times than did healthy subjects. 

When bran 20 g/day was compared with 
placebo in chronically constipated patients, 
bowel frequency and stool weight increased 
with both treatments/^ suggesting that factors 
other than intake may affect bowel function 
and transit time. However, bran was more 
effective than placebo in decreasing oroanal 
transit time. 

Elderly constipated patients who received 
bran 10 g twice a day had significantly shorter 
transit times (89 hours vs 126 hours) than did 
those who received psyllium (a soluble fiber) 6 
g twice daily. They also needed less additional 
laxative.'** 

Soluble fiber 

Soluble fiber also affects the bowel habits of 
both healthy and constipated patients. 

Methylcellulose, given to healthy volun- 
teers at a dose of 4 g/day, resulted in statisti- 
cally significant increases in stool weight, fecal 
water weight, and fecal solids.''^ In constipated 
patients, methylcellulose 1 g/day was as effec- 
tive as psyllium 3.4 g/day at increasing stool 
frequency, fecal water weight, and fecal sol- 
ids.*5 

Konjac glucomannan was also shown to 
significantly increase stool frequency, water 
weight, and fecal solids.''^ 

Psyllium. In a study that randomly as- 
signed 22 patients with chronic constipation 
to receive either psyllium 5 g twice daily or 
placebo for 8 weeks, followed by a 4-week 
washout phase in which placebo was given,'" 
those who received psyllium reported signifi- 
cant improvemeiits in stool consistency and 
pain with defecation, as well as significant 
increases in both stool frequency (3.8 vs 2.9 
per week, P < .05) and stool weight (665 g vs 
405 g, P < .05). However, colonic transit times 
and anorectal manometric measurements did 
not differ significantly between those who re- 
ceived psyllium vs placebo."*' 



Fiber may not lielp everyone 

Others have also shown that while fiber may 
improve stool characteristics, it may not sig- 
nificantly alter the sensorimotor functions of 
the colon and pelvic floor. 

Cheskin et al"*^ performed a crossover study 
in 10 constipated men and women in the com- 
munity. Patients received either 24 g of psyllium 
fiber daily, or a placebo fiber for 1 month and 
then crossed over to the other treatment for the 
next month. The most common cause of con- 
stipation in this study was pelvic floor dysfimc- 
tion. Total gut transit time was significantly in- 
creased by psyllium fiber, and there was a trend 
toward increased stool frequency, demonstrating 
that psyllium clinically improved constipation. 
However, pelvic floor dysfimction, as measured 
by rectal manometry, was not improved. 

It may be that only people with normal- 
transit constipation, not those with underly- 
ing slow-transit constipation or pelvic floor 
dysfunction, are helped by additional dietary 
fiber. Vodefholzer and others'"' studied 149 
consecutiive patiients with chronic constipation 
and evaluated their response to at least 6 weeks 
of psyllium {Plantago warn seeds 15 to 30 g/ 
day) by serial symptom measurements, oroanal 
transit times, and functional rectoanal evalu- ApprOVfiCI f Or 
ation with defecography, manometry, and sig- COnStlpatlon: 
moidoscopy. Of the patients with no evidence . , . 
of pelvic floor dysfunction or slow-transit con- '^"W'OSfii 
stipation, 85% improved. However, 80% of polyethylene 
those with slow-transit constipation and 63% »,lufoI 
of those with pelvic floor dysfunction did not " ^ ^ ' 
improve with die use of fiber. The authors con- lublprOStOne, 
eluded that it is reasonable to try dietary fiber teqaserod 
in patients with constipation and, if no im- 
provement is noted, to then consider further 
investigation for other subtypes of constipation 
(ie, slow-transit or pelvic-floor dysfunction). 

Adverse effects may limit the use of fi- 
ber and may differ depending on the type of 
fiber used. Soluble fiber may be better toler- 
ated, especially in patients with constipation- 
predominant irritable bowel syndrome.''^ Side 
effects include the sensation of bloating and 
distention, excessive gas production, and ab- 
dominal cramping. 

Our recommendations on fiber 

We recommend the following regarding fiber 
in constipated patients: 
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• Increase fiber intake from natural foods up 
to 20 g/day. This increase should be com- 
pleted over 2 to 3 weeks to minimize ad- 
verse effects. 

• Consider adding a fiber supplement, such 
as psyllium, if increasing the intake of 
natural fiber does not relieve constipation- 
related symptoms. 

• If symptoms persist despite the use of fiber 
supplements and diet and lifestyle modi- 
fication, then further structural and func- 
tional investigation of the colon (anorec- 
tal manometry, colonoscopy, defecography, 
colon manometry) should be considered. 

m OSMOTIC LAXATIVES 

Osmotic laxatives are molecules that are either 
not absorbed or poorly absorbed and that draw 
water into the intestinal lumen to maintain 
isotonicity between the intestinal contents 
and the serum. Examples are polyethylene gly- 
col, sodium phosphate (Fleet phosphosoda), 
magnesium hydroxide, magnesium citrate, the 
sugars lactulose and sorbitol, and glycerin. 

Certain formulations of this class of laxa- 
tive can cause bloating, diarrhea, electrolyte 
disturbances, volume overload, or dehydra- 
tion. These effects limit their use, and these 
medications should be used with caution in 
patients prone to renal insufficiency or cardiac 
abnormalities. 

Polyethylene glycol 

Polyethylene glycol is an exception. It is not 
absorbed and lacks electrolytes, making it an 
attractive option in patients with underlying 
renal or cardiac dysfunction. In several place- 
bo-controlled trials,'""" various formulations 
significantly increased stool frequency while 
significantly decreasing straining, use of other 
laxatives, and colonic transit. No increase in 
adverse effects was noted compared with pla- 
cebo. 

Compared with lactulose, polyethylene 
glycol at about 21 g/day significantly increased 
bowel movement frequency while significant- 
ly decreasing the sense of straining with bowel 
movements and flatus due to laxative use.'' 
Both polyethylene glycol and lactulose accel- 
erate colonic transit, although polyethylene 
glycol does so to a greater extent.'^ 



Polyethylene glycol has been safe and ef- 
fective when used for up to 6 months.''' 

Lactulose and sorbitol 

Carbohydrate or sugar-based laxatives, if tak- 
en in sufficient doses, have a cathartic effect 
through two mechanisms: a primary osmotic 
effect of the sugar itself and a secondary os- 
motic effect as a substrate for colonic bacteria 
to cleave to acid metabolites, which exert an 
osmotic effect in the colon. This secondary ef- 
fect will be discussed in a later section. 

Lactulose and sorbitol are sugars that are 
poorly absorbed by the intestine. Lactulose 
has been shown to be more effective than pla- 
cebo in increasing stool frequency, volume, 
weight, and consistency in chronically con- 
stipated patients." In a head-to-head com- 
parison between sugar laxatives, 70% sorbitol 
was as effective as lactulose in increasing the 
frequency of bowel movements, and it was 
similar in its adverse effects'^ 70% sorbitol is 
a cost-effective alternative to lactulose in the 
elderly nursing home population.'^ 

Compared with fiber alone, lactulose use 
leads to a significantly higher number of bowel 
movements and better stool consistency.'^ How- 
ever, when lactulose was compared with a com- 
bination of fiber and a stimulant laxative, it was 
less effective than the combination therapy.'''^ 

Sugar laxatives, while effective, may have 
dose-liiriiting or use-limiting adverse effects 
such as abdominal bloating and flatulence. 

Phosphate, magnesium 

Sodium phosphate, like polyethylene glycol, 
is often used as a bowel preparation before 
colonoscopy, for which it is about as good or 
slightly better than polyethylene glycol.^' 

Although magnesium and sodium phos- 
phate preparations are effective, there are 
multiple reports of clinically significant elec- 
trolyte abnormalities, renal failure, and con- 
gestive heart failure occurring with these 
preparations. Therefore, they must be used 
with discretion and caution in appropriate pa- 
tients with frequent monitoring. 

m STIMULANT (IRRITANT) LAXATIVES 

Stimulant laxatives are usually reserved for use 
when bulking agents and osmotic laxatives 
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fail. Their mechanism of action involves the 
alteration of uiLcstinal motility and intestinal 
fluid secretion. 

Anthraquinones (cascara, aloe, and sen- 
na), castor oil, and diphenylmethanes (bisa- 
codyl) are the most commonly used stimulant 
laxatives. They work relatively quickly, often 
eliciting a bowel movement 2 to 8 hours after 
they are taken. 

This class of laxatives has historically been 
underused or given for only short periods of 
time, owing to concern about impairing co- 
lonic function, damaging the enteric nervous 
system, causing laxative dependency, causing 
cathartic colon, and even causing colon can- 
cer. However, there is very little evidence to 
support these concerns. Stimulant laxatives 
can be used on a more regular basis when bulk- 
ing or osmotic agents fail." 

Possibly of greatest concern is the poten- 
tial for the overuse and abuse of stimulant 
laxatives. Excessive use can cause electrolyte 
disturbances brought about by high-volume 
watery diarrhea. Risk factors for overuse and 
abuse include underlying psychiatric distur- 
bances and eating disorders. Prescribing other 
types of laxatives or cathartic agents may re- 
duce risk, but the potential for abuse exists 
with all categories of laxatives. 

■ TEGASEROD: GONE BUT STILL AVAILABLE, 
ON A CONTROLLED BASIS 

Tegaserod (Zelnorm), a serotonin (5-HT4) ag- 
onist, was used predominantly in women with 
constipation-predominant irritable bowel syn- 
drome and in men and women with chronic 
constipation. However, it was suspended from 
the market in the United States in March 2007 
owing to concern about a high risk of adverse 
cardiovascular effects compared with placebo. 

In a double-blind, randomized controlled 
trial, men with chronic constipation who re- 
ceived tegaserod 6 mg twice a day for 1 2 weeks 
had more spontaneous bowel movements 
than those receiving placebo (P = .04).*'' 

Lin et aF evaluated the use of tegaserod 6 
mg twice daily for 4 weeks in both men and 
women with chronic constipation. Those 
receiving tegaserod had significantly more 
spontaneous bowel movements per week, less 
straining, and better stool consistency than 



those receiving placebo. 

Tegaserod can still be obtained for appro- 
priate patients via a treatment investigation- 
al new drug application. Safety data are un- 
der further review by the US Food and Drug 
Administration. Studies of other serotonin 
agonists are under way. 

■ LUBIPROSTONE 

Lubiprostone (Amitiza) is an agonist of the 
chloride channel subtype 2, found on the api- 
cal membrane of intestinal epithelial cells. It 
causes increased chloride secretion into the 
intestinal, lumen, enhancing intestinal fluid 
secretion. It has been shown to be effective 
in chronic constipation by improving stool 
consistency and increasing the motility of the 
small intestine and colon.^' It is approved for 
treating chronic constipation in adults. 

In randomized, double-blind trials, patients 
receiving lubiprostone 24 pg twice daily for 4 
weeks had significantly more bowel movements 
per week, reported significantly better stool 
consistency and less abdominal bloating and 
straining, and rated their constipation as less 
severe than did patients receiving placebo.^'"*^ 

More recently, in an open-label study, lu- 
biprostone improved constipation symptoms 
when taken for up to 48 weeks.™ 

The drug is well tolerated, but its adverse 
effects include nausea (which appears to be 
dose-dependent and may diminish over time 
or if the drug is taken with food), diarrhea, 
and headache.*^ Of note, the drug appears to 
be well tolerated by older people (65 years of 
age and oldei-), in whom adverse effects oc- 
cur less often than in younger users.^' How- 
ever, adverse events may cause up to 20% 
of patients to stop taking the drug.® When 
lubiprostone is discontinued, patients may 
once again revert to their baseline bowel 
habit." 

Lubiprostone has not beeii compared with 
conventional laxatives, and cost may prohibit 
it from becomirig a first-line drug for chronic 

constipation." 

m OTHER PROMOTILITY AGENTS 

Several promotility agents have been studied 
for treating chronic idiopathic constipation. 



Cost may 
prohibit 
lubiprostone 
from becoming 
a first-line drug 
for chronic 
constipation 
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Cisapride (Propulsid), a 5-HT3 receiptor 
antagonist and 5'HT4 receptor agonist, and 
prucalopride, a 5'HT4 agonist, were effective 
in relieving symptoms associated with chronic 
constipation/''"'* However, safety issues (car- 
diac arrhythmias) necessitated withdrawal of 
cisapride from the US market in 2000. Pruca^ 
lopride is undergoing cUnical trials.^' 

Renzapride, a mixed 5-HT4 receptor ago- 
nist and 5-HT3 receptor antagonist, has been 
shown to improve stool consistency and to in- 
crease colonic transit inpatients with constipa- 
tion-predominant irritable bowel syndrome;— . 
Renzapride has been studied in patients with 
this condition,'^' but not in patients with 
chronic constipation. Renzapride is in phase 
III clinical development in. the United States 
for treating constipation-predominant irrita- 
ble bowel syndrome. 

■ EMERGING TREATMENTS 

New drugs with novel mechanisms of action 
are being investigated for the treatment of 
chronic idiopathic constipation. 

Neurotrophin-3, a neurotrophic factoi:, 
modulates the development of the nervous 
system by regulating the survival and differen- 
tiation of nerves.^^ In patients with functional 
constipation, subcutaneous doses of neurotro- 
phin-3 improved stool frequency, the number 
of complete spontaneous bowel movements, 
and stool consistency.^^ 

Alvimopan is a selective antagonist of the 
mu-opioid receptor that is being studied for 
opiate-related constipation and postoperative 
ileus.^'*'^^ Little of this drug is systemically ab- 
sorbed and it does not cross the blood-brain 
barrier; thus, it relieves the opiate-related side 
effects, ie, bloating, abdominal discomfort, 
and reduced stool frequency, without interfer- 
ing with the central analgesic effects. 

Linaclotide (MD 1100), a poorly absorbed 
guanylate cyclase agonist, is also being investi- 
gated as a treatment for chronic constipation.®^ 
Linaclotide increases intestinal fluid secretion 
and transit via stimulation of cyclic guanosine 
monophosphate production and activation 
of the cystic fibrosis transmembrane conduc- 
tance regulator.^*'^' In preliminary studies, 
linaclotide increased stool frequency and the 
Bristol Stool Form Scale consistency score 



(table i) by increasing intestinal fluid secretion 
and transit.^* 

Uhenodeoxycholic acid is a bile acid that 
is synthesized from cholesterol.** Treatment 
of constipation with chenodeoxycholic acid 
has been proposed, given its laxative efifect. A 
study 'by Bazzoli et al*' showed increased stool 
frequency and a decrease in stool consistency 
in chronic constipation patients given chen- 
odeoxycholic acid 10 mg/kg/day. The main 
side effect was diarrhea. Chenodeoxycholic 
acid may be worthwhile in the management 
of constipation, but more studies are needed. 

■ PROBIOTICS AND PREBIOTICS 

The. bacteria of the colon influence peristal- 
sis of the colon.'" Probiotics (live bacterial 
preparations) and prebiotics (nondigestible 
preparations that stimulate the growth or 
activity of beneficial colonic bacteria) have 
been gaifiing interest as potential therapies for 
constipation."-'^ 

Probiotic bacterial preparations are gen- 
erallyicomposed of strains of Bifodobacterium,^^-^^ 
Lactobacillus,^^ and combinations thereof, and 
are available as mixed preparations of multiple 
bacterial strains of Lactobacillus, Bifodobacterium, 
and Streptococcus species, such as VSL#3.'* 

Probiotics may help relieve constipation, 
but their effect may depend on the strain of 
bacteria used and the population being stud- 
ied.'^ In a double-blind parallel study in 70 ■ 
healthy adults, ingestion of 375 g/day of milk 
fermented with B animalis strain DN-173 
010 for 11 days reduced colon transit time by 
20% from baseline. The effect was more pro- 
nounced in women, particularly in those with 
longer baseline transit.'* 

Lactic acid-producing bacteria are consid- 
ered commensal organisms with essentially no 
pathogenic potential." A review of the safety 
of bifodobacteria and lactobacilli concluded 
there was no health risk to consumers. '°° 

Prebiotics are short-chain carbohydrates 
such as lactulose that stimulate the activ- 
ity of beneficial colonic bacteria." They are 
thought to have a small laxative effect that is 
likely both osmotic and due to beneficial ac- 
tions of bacteria for which they are a substrate. 
Both konjac glucomannan and lactulose, sug- 
ar-based laxatives and prebiotics, have been 
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FIGURE 1. Treatnnent approaclnes for clnronic constipation 



shown to significantly increase the fecal con- 
centrations of lactobacilli and total bacteria, 
possibly through increases in stool bulk."*^ Pre- 
biotics that have been the focus of research 
include inulin, fructo-oligosaccharides, and 
galacto-oligosaccharides." Evidence on the 
efficacy of probiotics and prebiotics at reliev- 
ing symptoms of constipation, however, is in- 
conclusive because few well-controlled clini- 
cal studies have been done."-'^ 

■ STRATEGIES FOR MANAGING 
CHRONIC CONSTIPATION 

In the absence of secondary causes, treatment 
of chronic constipation is focused on relieving 
symptoms. 



The first line of treatment includes non- 
pharmacologic approaches such as increasing 
fiber in the diet or taking fiber supplements 
(figure i)i Additionally, lifestyle changes such 
as increased physical activity and dietary mod- 
ification, as well as cognitive behavior ther- 
apy (biofeedback and hypnosis), may relieve 
symptoms in a subset of patients with chronic 
constipation. Although lacking in clinical ev- 
idence, milk of magnesia'"' and probiotics are 
often prescribed. 

If symptoms are refractory to these tradi- 
tional treatments, agents siich as lactulose and 
polyethylene glycol may provide relief."-^' Al- 
though they do not address the underlying 
cause of constipation, these agents increase 
the fluid cpntierit of the intestine, contribut- 
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ing to improved stool consistency, and con- 
sequently increase the frequency of bowel 
movements. 

Lubiprostone similarly increases the fluid 

content of the colon, contributing to im- 
proved stool consistency, reduced fecal tran- 
sit time, and increased frequency of bowel 
movements.'^'™''"^ Unlike lactulose and poly- 
ethylene glycol, which are indicated only for 
short-term use, lubiprostone has been found Co 
be safe and effective when used for up to 48 
weeks.™-" 

Biofeedback is the preferred treatment for 
pelvic floor dyssynergia, in which it has a suc- 
cess rate of 70% to 81% and in which it is su- 



perior to standard treatment (laxatives, fiber, 
and education). In an instrument-based 
training program, patients receive auditory or 
visual feedback or both to help train the pel- 
vic floor and relax the anal sphincter while 
simulating defecation. It also improves rectal 
sensation to assist in proper evacuation. The 
best outcomes are achieved when committed 
patients receive instruction from empathetic, 
properly trained physical therapists or other 
technicians. Studies show that the benefits of 
biofeedback are long- lasting. It does not im- 
prove slow-transit constipation, though pelvic 
floor dyssynergia and slow-transit constipation 
can overlap. ■ 
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ocial adjustment to whatever degree of dysfunction they may exhibit will be 
facilitated by our own better understanding of the subtle and protean role of 
sexuality in the modern world. 



PROSTIGMIN ASSESSMENT TEST OF FERTILITY 
IN SPINAL MAN 

By Sir Ludwig Guttmann and Dr. J. J. Walsh 
National Spinal Injuries Centre, Stoke Mandeville Hospital, 
Aylesbury, England 

Since Spellanzani's observations on the copulative posture of the spinal frog (1768) 
the patho-physiology of the sexual function in the spinal man both in animals and 
man has been a subject of clinical observations and physiological research 
fTarchanow, 1887; Thorburn, 1888; Bernhardt, 1888; Wagner & Stolper, 1898; 
Sherrington, 1906; Riddoch, 1917; Foerster, 1936). However, it is only during the 
last 20 years or so that as a result of the greatly increased survival rate of patients 
with spinal cord injuries, comprehensive studies on potency and fertihty in the 
spiiial man have been undertaken. Investigators have employed various procedures 
to assess potency and fertility in these patients which can be divided into two main 
groups. 

A. Questionnaire and Personal Interview Techniques 

The investigators have, of course, to rely entirely on the statements of the 
individual by these techniques. Results obtained with these methods, were 
reported by Bors, in 1948 on 157 and 1963 on 529 patients, Talbot in 1949 on 208 
and in 1955 on 408 patients, Zeitlin et al. in 1957 on 100 and Tsuji et al. in 1961 
on 655 patients. The latter authors stressed the difference between results obtained 
with the questionnaire technique and personal interview by finding a higher 
percentage of erections and ejaculations recorded by the personal interview 
technique. However, there is general agreement amongst all these authors that 
the percentage of erections 52-94 per cent, were infinitely higher than that of the 
ejaculations 3-197 per cent. Intercourse possibility was 23-33 per cent., orgasm 
6-14 per cent, and reproductive results were the lowest (up to 5 per cent.). Bors 
(1963) stated that while erection is more frequent with high lesions, ejaculation 
occurs more often in those with low lesions. This is not, as will be shown later, 
in accordance with our experience. 

B. Direct Examination of the Ejaculate obtained 

I. By Prostatic Massage. This technique was used by Home, Paul and 
Munro (1948). These authors found that the amount of ejaculate by prostatic 
massage could be increased with prior electric rectal stimulation, a method which 
was previously employed by Dexter, Lerner and Kaplan (1940) and by Joel (194.1)- 
However, Bors and co-workers were not impressed by the results obtained with 
this method in their own cases which was in accordance with Kuhn's findings 
(1950)- 



, Rv Testicular Biopsy. Bors and co-workers studied bioi^y specimens | 

concSoi sperm motility and percentage of normal and abnormal forms. 

, By the Intrathecal Prostigmin Assessment Test. Since the discovery ' 
of a e« simulating action of prostigmin 

majority had some infection of the urmary tract. 

INDICATIONS 

ThP initial test was carried out to determine spermatic abnormalities, as it is ^ 
iil^^wrthat redSon of sperm concentration and reduced motility play an ; 
rmpomrrdet^^^^^^^^^ Both married and unmarried patients m the 
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T7 Complete 

T7 Complete 

T9 Complete 
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Tio Complete 

Tio Complete 

T11/12 Complete 

L1/L2 Complete 

L1/L3 Complete 

(Spastic) 
L2 Complete 

(Spastic) 
L5 Complete 

51 Incomplete 

52 Incomplete 
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^ PARAPLEGIA 

Treat majority are naturally very interested in their chances of reproductive 
fc'-it^ ThTs information was found to be sometimes particularly importam in 
?he caTes of the Catholic faith or those who were engaged to Cathohc girls. 

Repeated tests were carried out, (i) to check the motility and concentration 
of snerms and theirytology, (2) to Repeat the test with a higher dosage when the 
It^tesT revealed a Sgative ^ (in a few of the patients the dosage had to be 
fnc eased to O S, 07 and even i mg.), 0) to check motility concentration and 
dXentll cytology following hormone treatment, (4) for the purpose of artificial 
insemination. 

METHODS AND DOSAGE 

Because of certain undesirable side-effects, especially vomiting, the patient 
has to refrain from soUd food for some hours before the test and for three hour 
before Section the patient should not take anything by mouth. Before the test 
fuU ^euXical examination of the lower limbs is carried out and full assessment 
S reTxes and muscle tone has to be made. This is of special importance m mor 
Ital cord lesbns as there are often mixed forms of spasticity and hypo- or areflexia 
in cerLTn pa the lower limbs. This is particularly apparent m transverse 
esions below Tio/ii, where the injury may also aflfect the conus and epiconus, 
or in higher transverse lesions which are combined witii longitudmal damage. 

Procedure. The patient is prepared in the usual way for a lumbar puncture 
and the test " carried 6ut in a separate room. The drug used was neostigmin 
methyl suTphat^ made up in i-cc. ampules each containing 

a5 li. and a cleady mfrked 2-cc. syringe is essential for the accurate amount of 

P'XSfpuncture (carried out in lateral position) the Quechenstedt test 
is earned out to ascertain the presence of absence of a suparachnoid b^ck as 
has some bearing on the dosage. If there is - or only a pamd block -^^^^^^^ 
nrostiemin is injected after first withdrawmg 1-2 cc. C S.F. into the syringe to 
?he prostigmin. In high thoracic and cervical injuries it is safer to s art 
wkhr25 mg because of the rise in blood pressure m these high lesions durm 
daculat^ons as a result of powerful contractions of the semmal vesicles and o^e 
e acu atory organs, which may set up the same autonomic hyperreflexia as described 
previSy by th^ forceful contraction of bladder and otiier internal organ 
rOutSn & Whitteridge, 1947; Guttmann, I954, 1969). If there was a complet 
bSn^^o oTmg. was^ii^jected. In some cases where the initial test was negative 
and S^cidly the neurological examination indicated little or no effect on muscl 
tone^nd reflexes, the test was repeated using larger doses of prostigmm p^^^^^^ 
there had been no untoward side-effects durmg the original injection. Up to 1-5 mg- 
prostiSiin has been given in one exceptional case of conus-cauda equma lesion. 
mS Section the needle is withdrawn, a dressing applied and the patient turned 
on Ss back with a pillow under his head. A glass container of a suitable size wi^ 
a wfde screw-cap is given to the patient with instructions to observe any erection 
an^ obtain any semen ejaculated. The exan^ination of reflexes and muscle to^ 
in the lower limbs is carried out repeatedly after the injection and recorded ever 
f-i hour^s this gives a good indication of the effect of prosugmm m each individ^^^^ 
?ase. In distal lesions witii areflexia this information is, of course, not obtainab ■ 
lUs also important to measure pulse and blood pressure regularly durmg the test, 
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necially in high thoracic and cervical lesions because of the possibihty of 
gerated autonomic hyperreflexia due to seminal contraction during ejaculation. 
Moreover, in high thoracic and in particular cervical lesions a cystometrogram 
some time prior to the prostigmin test may give a clue about the degree of 
irritability of the autonomic system. 



The depressant effect on reflex function of the skeletal muscles started as a 
rule between 15 and 20 minutes after intrathecal injection, but there was as a rule a 
considerable delay — one to three hours — before the onset of erections and ejacu- 
lations which usually occurred at the height of the reflex depression. Once an 

Table II 
Prostigmine Test 



Spastic 104 Complete 
(77-6%) 

Incomplete 

Flaccid 30 Complete 
(22-4%) 

Incomplete 



Positive 



Negative 



75 (72-1%)^ 44 (597%); 3i (40-3%) 

29 (27-9%) ; 23 (79-3%) ■ 6 (207%) 

27 (90%) 9 (33-3%) 18 (667%) 

3 (10%) 2 (667%) i I (33-3%) 



134 



78 (58-2%) : 56 (41-9%) 



erection had started it continued in most of the cases for a considerable time, 
either intermittently or continuously and sometimes it persisted for hours even 
after emissions occurred. In two low thoracic lesions (Tio and T12) and one 
conus lesion, ejaculations occurred without erections. The nimiber of ejaculations 
varied considerably from patient to patient and also in different tests in the same 
patient. Only the minority of patients produced a single emission and as many 
as seven or more were observed in some patients within a period of two hours. 
Table II shows number and percentage of positive ejaculations results in our 134 
patients. 59 7 per cent, of the 70 complete and 75 4 per cent, of the incomplete 
spastic lesions showed positive results, while in 66 7 per cent, of the complete 
flaccid lesions no ejaculations occurred. As will be seen in Table III the majority 
of negative results occurred in lesions at levels between Tio and L4. 

The volume of the ejaculated seminal fluid varied considerably from patient 
to patient and also in different tests on the same patient. In those cases who had 
several ejaculations the volume of each emission became progressively less. How- 
ever, sometimes the second or third emission was found to be larger than the first. 
This may be accounted for by the fact that in these cases there had been no 
ejaculation for very long periods before the tests and it would appear that in some 
of them accumulated stimuli were necessary to set the whole mechanism of ejacu- 
lation into action. 

No relationship was found between volume and sperm concentration in the 



I 



PARAPLEGIA 



Table III 
Prostigmine Test 
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Positive j 


Negative 


Cervical lo 
(7-46%) 


Complete 


Spastic 
Flaccid 


3 

I ! 


I 1 


2 
I* 




Incomplete 


Spastic 
Flaccid 


6 i 
... i 


6 i 




T1-T6 30 
(22-38%) 


Complete 


Spastic 
Flaccid 


25 
2 


20 
I 


5 
I 




Incomplete 


Spastic 
Flaccid 


3 


3 




T7-T9 30 
(22-38%) 


Complete 


Spastic 
Flaccid 


I 


14 


5 
I 




Incomplete 


Spastic 
Flaccid 
(Polio) 


9 
I 


5 
I 


4 


T10-T12 42 
(31-34%) 


Complete 


Spastic 
Flaccid 


12 


7 
3 


12 
9 




Incomplete 


Spastic 
Flaccid 


10 
I 


8 
I 


2 




L1-L4 16 
(11-97%) 


Complete 
Incomplete 


Spastic 
Flaccid 

F?accid 


8 
8 


2 
3 


6 
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L5-S4 6 
(4-47%) 


Complete 


Spastic 
Flaccid 


3 


2 


I 
I 




Incomplete 


Spastic 
Flaccid 


I 
I 


I 


I 


Total 134 

i 






134 


78 


56 



* Alcohol Block 

various subjects or in repeated tests on the same subject. Considerable variations 
were found and the ejaculate may be just prostatic fluid with complete aspermia. 
Conversely, a small volume of seminal fluid may contam a much higher sperm 
concentration than a large volume. 
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The percentage of viable motile sperms was, as a rule, well below normal, ] 

especially in complete lesions, but in a small number of patients there were 50 per J 

cent, and more of viable sperms. Table IV demonstrates the results obtained in ; 

five patients complete and incomplete, of various level who during the test had | 

more than one emission. It is known from fertility tests in normal subjects that, ! 

although a high motility of sperms is an essential property of fertile spermatozoa, \ 

the ratio of motility provides only a rough index to the viability of the sperm | 

population and its suitability for fertilising the ovum. \ 

Table V | 
Comparative Microscopic Results of Seminal Fluid in Two Prostigmine Tests ; 
Cauda Equina Lesion (incomplete) below L5 



Count 
(millions, I cc) 



Motility 





13.2.48 
cc' 


5.10.48 
cc. 


13.2.48 


5.10.48 


13.2.48 
per cent. 


5.10.48 
per cent. 


I 


0-5 


10 


II 


50 


5 


70 


2 


0-5 


1-0 


12 


49 


10 


70 


3 


0-5 


5-0 


III 


116 


40 


50 


4 


4-5 


i-o 


90 


57 


40 


50 


5 


i-o 


I-o 


122 


47 


30 


40 


6 


0-5 


20 


142 


3-6 


30 


20 



Differential count: 13.2.48 
Specimen 1:50% abnormal forms (some tailless, some with two heads) 
Specimen 6 : 40 % abnormal forms (some tailless, some with two heads) 

Differential count: 5.10.48 
Specimen 3 : Head abnormalities = 49 % 

Middlepiece and Tail abnormalities = 26 % 
Total abnormalities = 55 % 
Specimen 4 : Head abnormalities = 36 % 

Middlepiece and Tail abnormalities = 29 % 
Total abnormalities = 65 % 

Considerable variations were also fotind on detailed cytological examination 
in the percentage of normal and abnormal forms of sperms and other cells. The 
following case (case 17, Table I) may serve as an example of detailed cytological 
examination, the more so as a comparison is possible between two tests carried 
out in this patient. 

This patient was wounded in June 1944, and sustained incomplete Cauda Equina 
lesion below L5. He had cordotomy in October 1944, because of pain in right leg. 
There was recurrence of pain after three weeks although less severe. He had erections 
and nocturnal emissions three months after injury, but lost emissions after cordotomy. 
He has spontaneous erections and is able to walk. First intrathecal prostigmin test 
17.2.48, 0-3 mg. Second test 5. 11.48, 0-3 mg. He had six emissions on each occasion. 

Table V shows the comparative microscopic results of seminal fluid in the 
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tests. Table VI shows six patients with negative results in repeated tests in 
e of increased dosage. It may be noted, however, that in particular one single 



negative - . _ . _ 

V^gpj-oductive function is possible. Actually the prostigmin test may act as an 
° ^uced stimulus on the function of the reproductive organs. Three of our 
''atients with negative results became fathers later, one, an incomplete lesion below 
^7 even of twins. Although from obvious reasons some scepticism may be 
ustified in such cases, the possibility of such achievement cannot be ruled out. 
' It has already been mentioned that one of the reasons for the prostigmin test 
is to use the seminal fluid obtained for artificial insemination at the patient's request 
who failed to get ejaculations during intercourse. The first four cases have been 
^eported previously (Guttmann, 1961). They were all imsuccessful. However, 
[he cause may not have been in all four cases necessarily with the paraplegic male. 
In one of the cases examination of the wife revealed an uterus bicornis and in 
another the wife was suffering from inflammation of the cervix. In 10 more cases 
artificial insemination was since carried out by one of us (J. J. W.). In two cases 
the wives conceived but in one abortion took place after three months and in the 
other after five months. No information is available about the gynaecological 
condition of the wives of these patients. Table VII gives information about the 
number of artificial inseminations carried out in five cases and the findings of the 
seminal fluid. However, that this method can be used successfully has been shown 
by Dr. R. Spira (1956), whose paraplegic patient, a complete 7th thoracic lesion, 
fathered a child after three unsuccessful attempts by assisted insemination with 
the help of the intrathecal prostigmin test. This case also shows that improvement 
of fertility is possible in the paraplegic. Spira's patient was treated with Testo- 
sterone, 25 mg. daily for 14 days and Gonadotrophin 1000 units daily for four 
weeks. We also have given hormonal treatment combined with vitamin E 20 mg. 
three times daily and in certain cases with weak erections with Potensan (Medo) 
2-3 pellets, two to three times daily. Although we have seen definite improvement . 
of fertility our results do not allow definite conclusions. 

Side-effecSs on Autonomic Mechanisms. This paper should not be 
completed without mentioning some undesirable side-effects of prostigmin on the 
cardio-vascular system and other components of autonomic mechanisms. Head- 
aches, sweating and vomiting may occur regardless of the lesion, and if vomiting 
becomes more marked it may counteract the stimulating effect on the reproductive 
organs. It can be controlled by i/ioo Atropine. Only in three cases it was thought 
wise to give an intravenous drip of saline to prevent dehydration. It has already 
been mentioned that in cord lesions above T5 and in particular cervical lesions, 
violent contractions of the ejaculatory organs can set up exaggerated autonomic 
hyperreflexia with considerable rise of systolic and diastolic blood pressure and in 
one case with complete tetraplegia below C7 the initial blood pressure of 90/70 
rose during the ejaculatory stage of the test to 230/150. Inmiediate application 
of Pentolonium (Ansolysen) intravenously reduced immediately the paroxysmal 
hypertension. It may be noted that in this case a previous cystometrograin revealed 
a very irritable discoordinated automatic bladder and an infusion of only 50 cc. 
of fluid into the bladder elicited repeated and most powerful detrusor contractions. 
Therefore, it may be useful to carry out a cystometrogram prior to the prostigmin 
test in high cord lesions to ascertain the degree of irritability of autonomic 



result does not necessarily signify permanent infertility as improvement 
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PARAPLEGIA 

mechanisms. Cerebral haemorrhages due to exaggerated autonomic hyperreflexia 
have been reported in the Hterature following bladder distension and durmg the 
last stages of labour in high lesions. We lost one tetraplegic with a complete C6/7 
lesion. He had his first prostigmin test on 2.2.48when following injections of 03 mg. 
the initial blood pressure rose from 120/85 to 150/90. Apart from vomiting, which 
was controlled by i/ioo Atropine, there were no undesirable side-effects during 
three ejaculations. He got married and in 1961 he asked for a prostigmin test 
for the purpose of artificial insemination. This was carried out on 1 5.9.61. One 
and a half hours following injection of the same doses as previously (03 mg.) he 
developed an epileptic fit and died later as a result of a cerebral ventricular haemor- 
rhage. At post-mortem also an undiagnosed abscess behind the pancreas was 
found. 

Summary 

1. The widespread belief that patients with severe injuries of the spinal cord 
are completely and permanently impotent and infertile is no longer valid. 

2. The distinct stimulating effect of intrathecal prostigmin on the sexual 
organs has opened new possibilities for clinical, physiological and biochemical 
research in a field where imaginative speculation and deduction on scanty grounds 
rather than on well-founded evidence have prevailed. 

3. A variety of types and degrees of reproductive deficiency can be distin- 
guished by the intrathecal prostigmin test. 

4. Future research on the chemistry of the semmal fluid may give clues to 
abnormalities of the morphology and function of semen. 

5. The intrathecal prostigmin test can be utilised for artificial insemination. 
It is essential that the female partner should undergo a thorough gynaecological 
and biochemical examination including pH of vaginal and cervical secretion and 
assessment of the most suitable time for assisted insemination. 

6. Blood pressure and pulse should be examined at regular intervals during 
the prostigmin test from the start, especially in lesions above T5/6 to counteract 
excessive autonomic hyperreflexia by appropriate measures (Ansolysen, etc). 

7. Patients, especially those with higher lesions should be warned about • 
undesirable side-effects of prostigmin. ' 

Resume 

I. La croyance que les malades avec des lesions severes de la moelle epiniere en ce j 
qui concerne leur impotence complete et permanente, ainsi que leur manque de fertilite { 
n'est plus maintenant valide. , ^ 

2 L'eflfet stimulant sur les organes genitaux de la prostigmme mtrathecale a ouvert , 
de nouvelles possibilites de recherches cliniques, physiologiques, et biochimiques, la la 
speculation et la deduction sur un terrain fragile plutot que sur des evidences a preyalu. 

3. Les varietes de types, de degres de deficiences reproductives ont pu etre distmguees 
par le test a la prostigmine. . • j „c 

4 A I'avenir, des recherches sur la biochimie du sperme pourra donner des mdications 
surla fonctionetlamorphologieanormaledesspermatozoides. • „ n 

5 Les tests a la prostigmine peuvent etre utilises pour I'msemmation artihcielle. 
est indispensable que la partenaire soit examinee d'une fa?on gynecologique seneuse et que 
le moment le plus favorable pour I'insemination soit releve. _ - ,• « 

6 La tension arterielle et le pouls doivent ^re examines a des mtervalles reguliers 
pendant le test a la prostigmine depuis le debut, surtout en ce qui concerne les lesions 
au-dessus de Ds, D6, de fa<?on a lutter centre une hyper-reflectivite autonome exessive. 

7. Les malades, surtout ceux avec des lesions hautes, doivent etre avertis des eflets 
secondaires indesirables de la prostigmine. 
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ZUSAMMENFASSUNG 

I. Die aUgemeine Ansicht, dass Patienten mit schweren Ruckenmarkslasionen vollie 
dauemd impotent sind, 1st mcht mehr'haltbar, 
r-it. Per ausgesprochen stimulisierende Eflfekt von Prostignun auf die sexuellen Organe 
' neue Moglichkeiten fur klimsche, biochemische und physidlogische Untersuchungen 

dem Gebi?t erdflBaet, wo bisher SpekiUauon und JDeduktion an Stelle von klarem Bev^eis 
/Ogen hat. ' ' 

< ' 3. Verschiedene Typen und Grade sexueller InsulEzienz k6nnen dutch den subarach- 
'^oidalen Prostigmintest ermittelt werden. ' 

^ukunflige Untersuchungen der chemischen Zusammensetzung des Semen jkonnten 
luss uber seine Morphologie und Funktion geben. 

I)erProstigniintestkannfikaitifizielle Insemination verw^ndt werden. Einegenane 
^SS^^i'^no^S'^^''^^^'^^^^^^^ ^^^^''^ Zeitpunkts fur die 

:Blutdruck 

und Puis mu^STegelmassig wahrend deSiProsugmintests gemessen wferdei^ 
lerg-in'^X^pionm^befhalb.'Tii; Tim gesteigerte autonomische Hyperreflexie durch " 
ignetPiJVlittelXAnsolysen) auszuschalten. 

^i7-''vJR^ti^"ten,;ibes Zervikallasionen, sollen uber mogliche unerwiin- ' 

schfe^JSeitefFekte unterrichtet werden. ^ 4 
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SEXUAL FUNCTION AND DYSREFLEXIA 

By A. B. RossiER, W. H. Ziegler, P. W. Duchosal and J. Meylan^ 



riN a previous paper (Rossier et al, 1969), we have presented the case history of 
the successful delivery of a tetraplegic patient who showed symptoms of autonomic - 
jdysreflexia durmg labour. There were hypertension and bradycardia but ho 
- Paraplegic Centre (Dr. A. B. Rossier, P.D.) from the University Institute for Physical 
^edicme and Rehabihtation (Prof. G. H. Pallet), Cantonal Hospital, Genieva, the University - 
pMedical Clinic (Prof. A. Labhart, Prof. P. Frick), Cantonal Hospital, Zurich, the Cardio- 
'vascular Division (Prof. P. W. Duchosal) and the Infertility Clinic (Dr. J, Meylan), from 
!the University Clinic for Gynecology and Obstetrics (Prof. 11. de Wattcville), University 
^Cantonal Hospital, Geneva, Switzerland. 
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TREATMENT OF ANEJACULATION IN THE TOTAL 
PARAPLEGIC BY SUBCUTANEOUS INJECTION OF 
PHYSOSTIGMINE 

Bv P -A. Chapelle', F. Blanquart', A. J. Puech^ and J.-P. Held j 
^Chaire de CUmque de Reeducation Moirice, Hdpital R Poincare 92380 Garches, l 
FraZ %/panernent de Pharmacologre CUmgue, Groupe Hospuaher Ptue- - 
Salpetnere, 47-83, bd de VHdpital, 750J3 Pans, France. , 

Summarv The authors describe a new therapy for paraplegic anejaculatKDn J 

S^b cutaneous injection of Physostigmine with certain precautions and with 
selected methods of aipUcation can be used for patients where there is the sam 
^Son for the use of an intrathecal injection of Neostigmine. The T 12^2 
indication treatment is easier to perform, and when the i 

TtSrSs exS^^^^^ in our hospital without any problerns 

Te fs gramed permission to apply this treatment at home, without any medical 
supervision. ' 

Key words: Paraplegic; Ejaculation; Physostigmin^subcutaneous injections. 
Introduction 

In 1949, Guttmann described a new way to treat P^^^P^^^'^J''^^^''^^^^^^ | 
intrasDkial injection of neostigmine ISN) (Guttmann, 1949). Severa ■ 
SSS^vrbeen earned out since then including attempts to asse ^ 
S^S^gS toility (Guttmann & Walsh, 1971), to define as precisely^a 
pSbk thf^^^^^ of this technique (Chapelle et al, 1974)- Othe | 

?^esof treatment have been described ir. order to avoid the most imix,n | 
si^ efiect of the technique, that is, Autonomic Hyperreflexia (AHR^ . 
including electric masturbation (Tarabulcy, 1972) or electro-ejaculation 
provoked by an intrarectal probe (Fran90is et al. I97»)- , 
This work was undertaken in an attempt to find a pharmacological 
agent which would replace ISN; which would be easier to admmister and 
and which would have no. side effects. 

Working Hypothesis 

Neostigmine is an indirect parasympathomimetic agent which reversibly 
SitagonSes acetylcholine esterase. Since it does not cross the blood bra n 
barrier, it must be administered in situ by lumbar puncture to produce 
efacula ion Physostigmine is also a reversible acetylcholine esteras 
antagonXbut it' can fransverse the blood brain barrier, and can thus be 
admfnistered paremerally, for example by subcutaneous m,ection. How 
evS the general parasympathomimetic effect of the drug becomes a problem^ 
By analoSrwi^h the treatment of parkinsonism, it seemed logical to 

Request for reprints: Dr Chapelle, Centre Saint-Franfois, 14800 Deauville, France. ^ 
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administer at the same time an inhibitor of the peripheral parasympathetic 
system (or its peripheral effectors). N-buthylhyocine bromide was used 
for this purpose, thus permitting the central action of physostigmine, whilst 
eliminating its disagreable peripheral effects (nausea, vomiting). 

The subjects chosen were men between 18 and 50 years of age with 
traumatic paraplegia present for at least six months (in order to assure 
neurological stabilisation), with a clinical syndrome of complete spinal cord 
section. Patients who had undergone treatment which would affect the 
neuro-muscular urogenital system, even temporarily, were excluded from 
the study. 

Method 

A clinical neurological examination, described in detail elsewhere (Gros- 
siord et al., 1978) was performed to determine the extent of the syndrome, 
affecting both the somatic (cerebrospinal) and vegetative (ortho and 
parasympathetic, in the anatomical sense) systems (Chapelle, 1978). 

Every patient was initially treated with physostigmine (PSC). 

Several weeks later the same patients received either intraspinal neostig- 
mine (especially when the first treatment failed), or a second dose of 
physostigmine (especially when the first treatment was successful). As we 
have previously shown, ISN can only be effective when the T12, Li and L2 
myelomeres are not involved. (Chapelle, 1974; Chapelle, 1982). We did 
not systematically perform the ISN test when the lesion affected segments 
T12, Li or L2 and the PSC test was negative. Patients were required to 
fast for at least 12 hours, and have an empty bladder. 

In the ISN test, after lumbar puncture was done, 0 25 or 0 5 mg of 
neostigmine were mixed with cerebrospinal fluid and injected intrathecally; 
masturbation began 30 minutes later. 

In the PSC test, 2 mg of physostigmine sulfate was injected sub- 
cutaneously 30 minutes after N-buthylhyocine 40 mg was given. Masturba- 
tion began 15 minutes later. If no result was obtained, some patients 
received a supplementary injection of i mg of physostigmine 30 minutes 
after the first injection. If side-effects appeared during the ISN or PSC 
test, the patient was asked to stop masturbation. After verification that 
the bladder was empty, metoclopramide (10 mg) was injected subcutane- 
ously, (sometimes in association with an intravenous injection of 0 25 mg 
atropine). 

The PSC test was always performed by the same nurse who was 
uninformed as to the nature of the product injected for the result expected 
a priori, but who told the patient that every test would be successful. This 
precaution seemed to be a non-neglibible criterion of good faith in the 
experiment which the nurse fully accepted. 

The tests were considered positive if ejaculation occurred and sperm- 
atozoa were present in the ejaculate. 



Results 

The results are summarized in Table I. The first PSC test was successful 
in five of the 20 patients . Three patients (numbers 7, 8 and 15) were success- 
ful in subsequent tests. Twelve remained unsuccessful. 
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Effects of neostigmine and glycopyrrolate on pulmonary resistance 
in spinal cord injury 



Miroslav Radulovic, MD; Ann M. Spungen, EdD; JiU M. Wecht, EdD; Mark A. Korsten, MD; 
Gregory J. Schilero, MD; William A. Bauman, MD; Marvin Lesser, MD 

Department of Veterans Affairs (VA) Rehabilitation Research and Development Center of Excellence, Spinal Cord 
Damage Research Center, Medical Service, VA Medical Center, Bronx. NY; Department of Medicine, Mount Sinai 
Medical Center, New York, NY 



Abstract — ^Preliminary findings in subjects with spinal cord 
injury (SCI) suggest that neostigmine administered intrave- 
nously increases colonic tone, increases colonic contractions, 
and facilitates bowel evacuation. Of concern are potential pul- 
monary side effects, including an increase in airway secretions 
and bronchospasm. The objectives of the study were to deter- 
mine the effects of intravenously administered neostigmine or 
neostigmine combined with glycopyrrolate on forced oscilla- 
tion indices in persons with SGI. Pulmonary resistances at 5 Hz 
(R5) and 20 Hz (R20) were measured with the use of an 
impulse oscillation system (lOS) in 1 1 subjects with SCI. Val- 
ues were obtained before and after the intravenous administra- 
tion of 2 mg of neostigmine alone and, on a separate day, 
before and after the administration of 2 mg of neostigmine 
combined with 0.4 mg of glycopyrrolate. Baseline R5 and R20 
values before neostigmine correlated significantly with base- 
line values before neostigmine combined with glycopyrrolate. 
Following neostigmine, mean R5 values increased 25% and 
mean R20 values increased 18%. Following lieostigmine com- 
bined with glycopyrrolate, mean R5 values fell 9% and mean 
R26 values fell 7%. In summary, baseline lOS values obtained 
on 2 different days were highly reproducible in this population. 
Neostigmine alone induced significant bronchoconstriction, 
whereas neostigmine combined with glycopyrrolate caused 
bronchodilation. 



Key words: glycopyrrolate, impulse oscillation, neostigmine, 
spinal cord injury. 



INTRODUCTION 

Neostigmine, an acetylcholinesterase inhibitor, has 
been used successfully to rapidly decompress the colon 
in patients with acute colonic pseudo-obstruction [1]. 
Preliminary findings in subjects with spinal cord injury 
(SCI) suggest that parenteral administration of the drug 
increases colonic tone, increases colonic contractions, 
and facilitates bowel evacuation [2]. Side effects are of 
concern because in some individuals, the agent increases 
airway secretions and bronchial reactivity, which may 
exacerbate active bronchospasm [1]. These concerns 
may be particularly significant in subjects with tetraple- 
gia, who demonstrate hyperresponsiveness to methacho- 
line, histamine, and ultrasonically nebulized distilled water 



Abbreviations: COPD = chronic obstractive pulmonary dis- 
ease, lOS = impulse oscillation system, Rrs = respiratory sys- 
tem resistances, SCI = spinal cord injury, sGaw = specific 
airway conductance, VA = Department of Veterans Affairs. 
This material was based on work supported by the Depart- 
ment of Veterans Affairs (VA) Rehabilitation Research and 
Development Center for Excellence on the Medical Conse- 
quences of SCI. 

Address all correspondence to Marvin Lesser, MD; Bronx VA 
Medical Center, 130 W. Kingsbridge Road, Bronx, NY 10468; 
email: Drmlesser@aol.com. v 
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comparable to that seen in mild asthma [3-5]. Also indi- 
viduals with tetraplegia have reduced baseline airway 
caliber caused by unopposed parasympathetic activity 
thereby suggesting that any agent that increases acethyl- 
cholme concentrations at muscarinic receptors may cause 
further bronchoconstriction [6]. One potential method for 
attenuatmg the effects of neostigmine on pulmonaiy 
function without reducing bowel stimulation is the simul- 
taneous administration of the anticholinergic agent ely- 
copyrrolate. To assess the effects of neostigmine alone 
and neostigmine combined with glycopyirolate on pul- 
monary function in SCI, we used the impulse oscillation 
system (lOS) to measure total respiratory system resis- 
tances over a wide range of frequencies. Values at lower 
frequency (R5) estimate central and peripheral pulmo- 
nary mechanics; values at high frequency (R20) reflect 
more central airway dynamics. 



METHODS 

Subject Selection 

Eleven subjects participated in the study. Three had 
chronic cervical cord injury (tetraplegia) and eight had 
thoracic or lumbar injuries (paraplegia). All were outpa- RESULTS 
tients followed by the SCI Service at the Department of 
Veterans Affairs Medical Center, Bronx, New York 
(BVAMC). All participants were clinically stable and 
denied any history of asthma, allergies, recent respiratory 
tract infections, or other acute pulmonary conditions The 
Institutional Review Board of the BVAMC approved the 
study, and we obtained informed consent prior to investi- 
gation. All subjects were being studied primarily so that 
we could assess the value of neostigmine in facilitating 
bowel evacuation. None of the subjects were using medi- 
cations known to affect airway tone or responsiveness 



breathing. We calculated resistances from the pressure/ 
flow relationship obtained from impulses applied at the 
mouth during a 30 s period and analyzed them at 5 and 
20 Hz (R5 and R20). We repeated 30 s recordings until 
three recordings fiilfiHed quality assurance coherence 
coefficient criteria. A test: was accepted if the coherence 
coefficient was 0.7 or greater at 5 Hz and 0.9 or greater at 
20 Hz for either five breaths or 30 s of recording [71 
l^arge and small airway mechanics were inferred from 
responses at high (20 Hz) and low (5 Hz) frequencies, 
respectively Low frequency oscillations are trismitted 
to the lung penphery, while those at 20 Hz are limited to 
larger airways [7]. 

Study Protocol 

On study day 1, baseline measurements at R5 and 
1^0 were obtained. The measurements were repeated 
30 minutes after the intravenous administration of 2 ma 
of neostigmine. On a separate day, within 2 weeks of the 
first study, R5 and R20 were measured before and after 
the intravenous administration of 2 mg of neostigmine 
combmed with 0.4 mg of glycopyirolate 



Equipment 

We measured total puhnonary resistances using a 
commercially available system (VL\SYS Healthcare 
Respiratory Technologies, Yorba Linda, California)' 
While subjects were supine, measurements were obtained 
wij the use of nose clips and a free-flow mouthpiece 
Subjects were asked to slightly extend their necks and to 
lunit abdominal motion during the study. A laboratory 
technician supported the subjects' cheeks during the 
maneuver. The forced osciUation instrument applied 
pressure pulses five times/second during tidal volume 



Moyhometric data are hsted in Table 1. Three sub- 
jecte had tetraplegia and eight had paraplegia with levels 
of injury ranging from C-4 to L-3. Eight were never 
smokers and three were ex-smokers. Baseline R5 and 
K20 values before neostigmine and before neostigmine 
plus glycopyrrolate are shown in Table 2. Following 
administration of neostigmine mean R5 and R20 valties 
increased by 25 and 18 percent, respectively (Table 2 and 
Figure 1). On a separate day, following the administra- 
rT/^pT^T^''^'"''^"^^ with glycopyrrolate, mean 
R5 and R20 values decreased by 9 and 7 percent, respec- 
tively Baselme R5 and R20 values obtained for individ- 
ual subjects were found to be highly correlated on 2 
separate days of testing (Figure 2). 

DISCUSSION 



We used lOS to measure total pulmonary resistance, 
which IS the composite of chest wall, pulmonaiy tissue 
and airway resistances. Body plethysmography would 
have been more sensitive and specific for assessing airway 
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Table 1. 

Characteristics of subjects. 
Subject 



11 

Mean 



Age Height Weight 



Z9 
49 
5Z 
25 
39 



57 
43 



65 
72 
69 
68 
71 



165 
150 
136 
2P0 
140 

2Q.5 

2?8 

183 

205 

270 

150 
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LOI 


Group 


14 


C4 


Tetraplegia 


5 


C5-6 


Tetraplegia 


31 


C6-7 


Tetraplegia 


8 


T3 


Paraplegia 


1 


T3 


Paraplegia 


2 


T6 


Paraplegia 


17 


T7 


Paraplegia 


15 


T9^11 


Paraplegia 


21 


Til 


Par^pkgia 


16 


T12 


Pwsplegi^ 


17 


L-3 


Paraplegia 
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MptprCOL Smoke j^stoiy 



Complete 
Cornplete 
Incomplete 
Complete 
Incomplete 
Complete 
Complete 
Complete 
Complete 
Complete 
Inponiplete 



Never 
' Ney^r 

Fqimer 

Never 

Never 

Fprmer 

Never 

Former 

Never 

Nfvsr 

Never 



S.D 9 

COL = cornjpleteness of lesion ' 



DPI = date of injury 



LOI = level of injiuy 



R5 Neostigmine R20 Neostigmine 



Subject - 



R5 Neostigmine 
+GIycopyrroIate 



I 

2 


0.339 
0.387 


0.558 
0.398 


65 
3 


0.303 
0,271 


3 


0.559. 


0.616 


io 


0.397 


4 


0.715 


0.893 


25 


0.573 


5 


0.279 


0.287 


3 


0.226 


6 


0.376 


0.637 


69 


0.271 


7 


0.540 


0.629 


16 


0.308 


8 


0.364 


0.407 


12 


0.261 


9 


0.461 


0.604 
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Figure 1, 



(a) R5 and (b) R20 values before and after administration of 
neostigmine (neo) alone of before and after neostigmine combined 
with glycopynrolate (gly). Data are expressed as mean ± SD. An 
unpaired Student's t-test was applied to determine differences for R5 
and R20 for neosti^ine alone and for neostigmine combined with 
glycopynrolate. 

resistance, but this modality was not practical in the cur- 
rent study. The lOS has significant advantages, in that the 
equipment is portable and tests can be performed at the 
bedside during normal tidal breathing with minimal 
patient effort. Because of low reproducibility and wide 
range of normal values, lOS has been suggested to have 
limited utility [8]. However, in the current study, although 
baseline values varied widely among the different sub- 
jects, baseline R5 (r^ = 0.89) and R20 (i^ = 0.91) had sig- 
nificant reproducibility in individual subjects studied on 
two separate days spanning a several-week period. This 
high reproducibility suggests that many of the variables, 
which may affect oscillation measurements, including 




0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Baseline R20 (Day 1) 

Figure 2. 

Correlation of baseline (a) R5 values on days 1 and 2 and (b) R20 
values on diays 1 and 2. Simple regression analysis was used to assess 
the relationships between (a) days 1 and 2 of baseline R5 values and 
(b) days 1 and 2 of R20 values. 



state of relaxation, position of arms, and tongue position, 
are better controlled when measurements are obtained in 
the supine position. 

In the current study, the intravenous instillation of 
neostigmine was followed by a significant increase in R5 
(25%) and R20 (18%). Comparable increases in both 
parameters indicate that the agent induced significant 
constriction of both small and large airways. Although 
subjects with tetraplegia and paraplegia had similar 
responses to neostigmine, only three subjects with tetra- 
plegia were studied. Previous observations showing that 
subjects with tetraplegia, but not those with paraplegia, 
were hyperresponsive to aerosolized foethacholine and 
that they had reduced baseline specific airway conduc- 
tance (sGaw) suggest that individuals with higher-level 
lesions would be more susceptible to the bronchoconstric- 
tive effects of neostigmine [3,6]. A significant increase in 
amvay resistance has been reported in able-bodied indi- 
viduals following neostigmine [9]. Bronchospasm and 
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tracheobronchial hypersecretion have been observed in 
patients undergoing reversal of neuromuscular blockade 
with neostigmine combined with an anticholinergic agent 
[10,11]. 

We found that administering neostigmine combined 
with glycopyrrolate was followed by significant bron- 
chodilation as measured by decreases in R5 (9%) and 
R20 (7%). These findings demonstrate that bronchocon- 
striction associated with neostigmine is prevented by the 
simultaneous administration of an anticholinergic agent, 
without decreasing the effectiveness of neostigmine on 
bowel evacuation [2]. We did not evaluate the effect of 
glycopyrrolate alone on lOS parameters. By using neo- 
stigmine and atropine combined to reverse neuromuscu- 
lar blockade in patients with or without chronic 
obstructive pulmonary disease (COPD), Bourgain et al. 
found that total respiratory resistance was not altered sig- 
nificantly and that changes were similar in COPD com- 
p^-ed with normals [12]. Other investigators, by" use of 
spirometry or body plethymography, have shown that 
intravenously administered or nebulized glycopyrrolate 
caused significant bronchodilation in normal subjects and 
among patients with COPD or asthma [13-1 7]. 

CONCLUSION 

In summary, in subjects with SCI, the intravenous 
infusion of neostigmine was associated with a significant 
increase in total pulmonary resistance. The combination 
of neostigmine with glycopyrrolate was associated with a 
significant decrease in resistances, demonstrating that 
cholingerically mediated bronchoconstriction is pre- 
vented by the addition of glycopyrrolate. 
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